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EFFECT OF FIRST-ORDER CONDITIONAL PROBABILITY 
IN A TWO-CHOICE LEARNING SITUATION ! 


NORMAN H. ANDERSON ? 


University of Wisconsin 


The experiments reported here in- 
vestigate behavior in a_ two-choice 
probabilistic task in which the inde- 
pendent variable is the conditional 
probability in the sequence of stimu- 
lus events. Each of the two stimulus 
events (lights) was required to occur 
equally often, but a partial patterning 
was introduced by varying the first- 
order conditional probability in the 
sequence of lights. This variable, 
denoted by mu, defined as the 
probability of occurrence of Light 1 
on any trial, given that Light 1 
occurred the previous trial. When 
m1; < .5, the lights tend to alternate 
on successive trials; when 7; > .5, 
each light tends to repeat itself. 
Thus, m1. = .7 represents 70% 
repetition pattern, and 7, = .3 repre- 


is 


a 


1 Based on work submitted in partial 
fulfillment of the requirements for the PhD 
degreee at the University of Wisconsin, 1956. 
The work was done while the author was an 
NSF predoctoral fellow. I wish to express 
my thanks to D. A. Grant, W. J. Brogden, 
and H. F. Harlow for their advice and helpful 
criticism. Thanks are also due S. H. Stern- 
berg and R. C. Atkinson for a critical reading 
of the manuscript. 

2 Now at the University of California, Los 
Angeles. 
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sents an equally strong alternation 
pattern. Since each light occurs 
equally often, the appropriate de- 
pendent variable is the frequency of 
repetition responses, a repetition re- 
sponse being defined as the response of 
predicting on the current trial that 
same light which occurred on the 
previous trial. An alternation re- 
sponse is analogously defined as 
predicting that light which did not 
occur on the previous trial. 

This conditional probability vari- 
able was first used by Hake and Hy- 
man (1953). It is of considerable 
interest because of its close relation- 
ship to the frequency variable for 
which the Estes and Straughan (1954) 
model predicts the “‘matching’’ be- 
havior first reported by Grant, Hake, 
and Hornseth (1951). Engler (1958) 
tested a Bush-Mosteller (1955) model 
which predicts both the absolute 
frequencies of the two choices, and 
the level of repetition responses. 
The model succeeded with the first 
dependent variable, but failed to 
fit the repetition response results. 

The first of the experiments re- 
ported here was designed to test a 
model (Anderson, 1956) for the con- 
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ditional probability situation. The 
model is based on the ideas of Estes 
(1950) and of Restle (1955). It is 
assumed that there are two distinct 
subsets of stimulus elements, one of 
which is specific to the repetition 
response, the other specific to the 
alternation response. On any trial 
the sampled stimulus elements specific 
to a given response become condi- 
tioned to that response if it was 
indicated as correct, regardless of 
whether S actually made the response. 
However, if the given response was 
not the correct one, then the sampled 
stimulus elements specific to that re- 
sponse go into a neutral state. The 
probability of a repetition response 
on any trial is the ratio of the number 
of sample elements conditioned to the 
repetition response to the total num- 
ber of sample elements in the condi- 
tioned state. Neutral elements have 
no effect on response probability, but 
they may be conditioned on later 
trials. (The model also postulated 
a third set of stimulus elements 
corresponding to responses other than 
the two above. It was assumed that 
such stimulus elements were progres- 
sively neutralized over trials. This 
third set of elements would thus 
affect the learning rate, but not the 
asymptotic level. Hence, it need not 
be further considered here. ) 

This model leads to the following 
approximate expression for the asymp- 
totic probability of repetition 
sponses : 


r- 


1 
1+ cl — my)/m1 


[1] 


where m1; is the conditional prob- 
ability of Light 1, given that Light 1 
occurred on the previous trial, and c 


is a constant which measures the 
relative weights of the two sets of 
stimulus elements. 


Since the completion of the present 
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work, Burke and Estes (1957) have 
revised the original Estes and 
Straughan (1954) model, taking into 
account the nonindependence of 
the sample of active stimulus ele- 
ments on successive trials. The re- 
vision, it may be noted, yields some 
small changes in the predicted asymp- 
totes for the event frequency situa- 
tion. More pertinently, it also yields 
the following expression for asymp- 
totic repetition response level: 

W117 + Oni (1 a= Pan) [2] 
where @ is the learning rate. This 
model will also be tested against the 
present data. 

Upon completion of Exp. I, it was 
seen that the, model, although it 
gave a reasonable account of the 
asymptotic acquisition performance, 
was unable to handle the behavior 
in the transfer condition in which the 
various acquisition groups failed to 
converge to a common level despite 
the fact that they were receiving 
the same treatment. Since this dif- 
ferential transfer effect appeared to 
create difficulties for the mathematical 
approach in general, it seemed desir- 
able to abandon the testing of specific 
models and begin a more extensive 
empirical investigation. Experiment 
Il was accordingly designed to give a 
parametric treatment of the condi- 
tional probability variable. The data 
were recorded so as to permit the 
easiest tabulation of the sequential 
dependencies in the stimulus-response 
sequences. It was expected, both on 
theoretical grounds (Anderson, 1959) 
and from the results of earlier work 
(Estes & Straughan, 1954; Anderson 
& Grant: 1957, 1958; Jarvik, 1951), 
that these dependencies would give 
additional insight into the processes 
underlying the behavior in _ this 
situation. 





TWO-CHOICE LEARNING 


METHOD 


The procedure common to the two experi- 
ments will be given first; that particular to 
the individual experiments will be found under 
the corresponding headings. Each group is 
labeled by 100 times its acquisition value of 
m1. Thus, Group 30 received 7,;; = .3 in 
acquisition, etc. 


Apparatus 


The apparatus was the same as that used 
in previous work (Anderson & Grant, 1957). 
Two 6-w. opal lights, mounted 10 in. apart 
horizontally on a vertical, flat black, 15 « 20- 
in. panel, formed a stimulus display. The 
two lights were activated by a punched tape 
fed through a Western Union tape trans- 
mitter. An 800-cps tone served as the signal 
to respond. Presentation of tone and lights 
was automatic. 

A row of four partially separated booths 
was placed 9 ft. from the panel of lights. 
Each booth contained a small box with two 
non-self-releasing keys, corresponding to the 
two lights. The Ss were required to push 
the keys down, and then push them up, in 
making their responses. Stimuli and re- 
sponses were recorded automatically with 
an Esterline-Angus operation recorder. 

Except for the panel of lights and the 
booths, all equipment was placed on E’s 
desk which lay behind the booths, and from 
which E monitored the experiment. 


Procedure 


The Ss were volunteers from elementary 
psychology classes who received class points 
for their work. They were randomly as- 
signed, in groups of two, three, or four, to 
the various experimental conditions. 

At the beginning of the experiment, Ss 
were seated in the booths and read the 
instructions which were similar to Instruc- 
tions C of Anderson and Grant (1957). In 
addition to operating detail concerning the 
keys, tone, and lights, the instructions stated 
that the task was to predict which of the two 
panel lights would come on next, that this 
was an experiment in learning, and that Ss 
should do the best they could even though 
the task seemed difficult. Three practice 
trials, in which both lights flashed each time, 
were then given, and questions answered. 
Finally, Ss were told that the rest of the 
experiment would have to be run off without 
conversation or interruption. The sequence 
of trials was continuous, with no external 


indication of change from 


transfer condition. 


acquisition to 


Independent Variables 


The two experimental variables were trial 
rate, and first-order conditional probability. 
The temporal division of each trial was as 
follows: signal tone (during which responses 
were to be made), 2.0 sec.; waiting time, 1.2 
sec.; stimulus light on, .8 sec.; “intertrial 
interval,” 1.0, 3.5, or 6.0 sec. These inter- 
trial intervals thus yielded trial rates of 
5.0, 7.5, and 10.0 sec. per trial. 

First-order conditional probability has 
been defined in the introduction. The 
sequences of lights were random subject to 
the following rules: (a) exactly one light flash 
each trial; (b) the assigned value of 2;; hold 
exactly within each block of 50 trials; (c) 
the absolute frequency of each light lie be- 
tween 20 and 30 in each block of 50 trials. 
Four independent sequences were constructed 
for each acquisition value of my. In the 
transfer condition, four independent  se- 
quences were also used, but these were the 
same for all groups within each experiment. 

Experiment I.—This experiment was based 
on a 3 X 2 design using the three trial rates, 
5, 7.5, and 10 sec. per trial, and the two acqui- 
sition values of conditional probability, 
my =.3, and m1, =.7. Light sequences 
were kept orthogonal to these two variables. 
Each group received 200 acquisition trials. 
In the transfer condition, 7;; = .5 for all 
groups. The 5, 7.5, and 10 sec. groups were 
given 300, 200 and 100 transfer trials, 
respectively. 

Experiment II.—This experiment was a 
parametric study of the effect of conditional 
probability on acquisition, on transfer to an 
extinction condition, and on recovery. A 
group of Ss was run at each of the 11 acquisi- 
tion values of :; ranging from 0 to 1 in steps 
of .1. The transfer condition was the same 
for all groups, with m, = .5 as in Exp. I. 
Acquisition and transfer were given in Session 
1; recovery was tested in Session 2. 

Trials were presented at the 5-sec. rate 
used in Exp. I. New stimulus sequences 
were constructed for conditions duplicating 
those of Exp. I. Instructions were reworded 
slightly by incorporating an additional 
statement to the effect that, while S should 
be able to do considerably better than just 
guessing, a perfect score was impossible, 
so that S should not worry if he was not 
correct every time. 

Groups 10-90 were given 300 acquisition 


trials, followed by 200 transfer trials. Groups 
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0 and 100 received 100 acquisition trials, 
and 400 transfer trials. For these two groups, 
right and left were counterbalanced in Trials 
1-100 within each of the four transfer se- 
quences. Twenty Ss were run in each group, 
except that Group 50 contained 40 Ss. 

Two additional subgroups, each with 
N = 12, were run with mw, = .3, and .7. 
The sequences for these groups were identical 
with those of the corresponding conditions 
of Exp. I for the first 200 trials, and with 
those of Exp. II for the remaining trials. 
These two groups permitted an evaluation 
of effect of the change in instructions from 
Exp. I to Exp. II, without confounding any 
possible effect of sequences. Since no effect 
of instructions was found, these Ss have been 
combined with the others so that Groups 
30 and 70 each have N = 32. 

Recovery was tested by giving 60 addi- 
tional trials with m,;; =.5. Fifteen such 
sequences were constructed by taking suc- 
cessive blocks of 60 trials from three of the 
transfer sequences of Exp I. The Ss were 
assigned to these sequences unsystematically, 
but each sequence was used about equally 
often. Session 2 was run after an interval 
of two to six days. An S was signed up for 
Session 2 before serving in Session 1, accord- 
ing to E’s schedule and each S’s own con- 
venience. In contrast to Session 1, Ss were 
occasionally run alone in Session 2. 

One S adopted the deliberate policy of 
leaving his key down for several trials until 
he wished to change his choice of responses. 
He was replaced although his record seemed 
normal in other respects. Three Ss, all from 
the additional subgroup run under the .7 
condition, did not return for Session 2. The 
Session 2 record of one S was lost because of a 
recording error. 


RESULTS 


A repetition response is defined as 
a press of that key corresponding to 
the light which flashed the previous 
trial. Since two stimuli and two 
responses are involved, a nonrepeti- 
tion response may be called an alter- 
nation response. For conditions with 
711 > .5, a repetition response is also 
an optimal response since it is more 
likely to be correct. Similarly, when 
11 <.5, an alternation response is 
an optimal response. The main de- 


ANDERSON 


pendent variable 
sponse frequency.’ 

Unless otherwise noted, the analysis 
of variance was used in the sta- 
tistical analyses. The Sequence vari- 
able, corresponding to the different 
random sequences used, was treated 
throughout as a fixed variate (Wilk 
& Kempthorne, 1955, p. 1163). 


is repetition re- 


Mean Performance Curves 


Experiment I.—The results of Exp. 
I are shown in Fig. 1, which plots 
mean percentage of repetition re- 
sponses as a function of trial blocks. 
Acquisition is rapid, but marked 
reversals occur in the third block 
of 10 trials for Groups 30 (alternation 
groups), and in the fifth block of 10 
trials for Groups 70 (repetition groups). 
Terminal response levels, calculated 
over Trials 151-200, average 79% 
for Groups 70, and 33% for Groups 
30. These values correspond to op- 


timal response levels of 79% and 67%, 


respectively. No trial rate effect is 
apparent for Groups 70, but the 
slower rate conditions of Groups 30 
do somewhat poorer in the middle 100 
acquisition trials. There is an im- 
mediate change in the transfer trials, 
in which all groups received the same 
purely random sequences. However, 
Groups 30 and 70 show little sign of 
approaching a common final level, 
even after the 300 transfer trials 
given the two 5-sec. groups. 

Analyses of acquisition performance 
on total responses over Trials 1—200, 


3 Between .003 and .004 of the responses 
were “improper,” with S pressing too late, 
pressing neither key, or, most frequently, 
pressing both keys. Frequency of such 
improper responses did not appear to depend 
on trial rate, conditional probability, or trial 
number, except that Groups 0 and 100 made 
no improper responses in acquisition. All 
improper responses were filled in randomly 
in order to simplify the tabulations. 
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MEAN PER CENT REPETITION RESPONSES 


BLOCKS OF TEN 


Mean percentage of repetition responses in acquisition and in 


Fic. 1. 


6-20 





25 26-30 31-35 36-40 41-45 46-50 


TRIALS 


transfer as a function of trial blocks, Exp. I. 


and over Trials 151-200 were per- 


formed for Groups 30 and Groups 70 


separately. There were no significant 
results in the analyses of Groups 70, 
although the Sequence effect ap- 
proached the .05 level in the first 
analysis. For Groups 30, the Se- 
quence effect was significant in both 
analyses: F (df = 3, 48) = 5.46, and 
4.40, for the analyses over Trials 
1-200, and Trials 151-200, respec- 
tively. No other reliable differences 
among Groups 30 were found, al- 
though the linear component of 
trial rate approached significance, 
F (df = 1, 48) = 3.82 in the analysis 
of the total score over Trials 1-200. 
The comparison of optimal response 
frequencies, based on the pooled 
error term, yielded significant differ- 
ences between the two conditional 
probability conditions: F (df = 1, 96) 
= 97.7 and 51.1, for the tests over 
Trials 1-200 and Trials 151-200, 
respectively. 

Analyses of transfer performance 


were made on repetition response 
frequencies, and included Sequences 
as an additional factor orthogonal to 
the two main independent variables. 
The effect of the conditional proba- 
bility factor was significant in all 
analyses. In particular, total repeti- 
tion responses over Trials 451-500 
for the two 5-sec. groups were signifi- 
cantly different, F (df = 1, 32)=5.15. 
No other main effect or interaction 
approached significance. 

The first 50 trials of the sequences 
of reinforcing lights were inspected 
for peculiarities which might explain 
the reversals early in acquisition. 
The reversal for Groups 70 apparently 
arose entirely from a run of seven 
consecutive alternations which oc- 
curred in one of the sequences. 
Nothing unusual was seen in the 
sequences for Groups 30, however. 
See also below. 

Experiment II.—Figure 2 plots the 
mean percentage of repetition re- 
sponses as a function of trial blocks 
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with acquisition value of m1 as a pa- 
rameter. Following the rapid acqui- 
sition, the various groups level off 
in the expected order with some con- 
ditions showing further slow changes. 
Three conditions deserve special men- 
tion. Group 30 exhibits an anoma- 
lous reversal similar to that seen in 
Exp. I. Group 40 does well in terms 
of optimal responses on Trials 1-10, 
but then ascends to the “chance” 
level where it remains for the dura- 
tion of Session 1. Group 50 stabilizes 
at a repetition response level of 62% 
although the sequences of lights were 
entirely random in this condition. 
This tendency toward repetition re- 
sponses in Group 50 is consistent with 
the finding of Exp. I that Groups 70 
made more optimal responses than 
Groups 30. This latter result ap- 
pears again in Exp. II, and the same 
trend is shown in the comparisons of 
Groups 40 and 60, and of Groups 
20 and 80. 

Table 1 gives the means and SEs 
obtained from total repetition re- 
sponse frequencies over Trials 201-— 
300. This table includes the theo- 


TABLE 1 


OBTAINED AND PREDICTED MEAN PROPORTION 
OF REPETITION RESPONSES ON 
Trias 201-300, Exp. II 








Predicted 
Obtained 
Eq. 2 
.94 011 


.90 ’ : 014 
014 








.84 
(.77) (.79) (.80) 
75 


yf ‘ ' .020 
.62 é d .021 
49 aig ‘ 025 
ae 014 
(.33) (.33) (.35) 
16 ‘ , .020 
.04 B : .007 

















Note.—Entries in parentheses are from Trials 151- 
200 of Exp. I. 


retical asymptotic response levels 
predicted by the author’s model, and 
by the Burke and Estes (1957) model. 
The single unknown parameter in 
each model was evaluated from the 
data for Group 50 by equating ob- 
tained and theoretical asymptotes 
for this condition. This procedure 
yielded c= .618 for the present 
model, and @ = .472 for that of 
Burke and Estes. The two models 
make essentially the same predictions, 
and these predictions are quite good 
for the larger values of 71. It is 
clear, however, that neither model 
gives an adequate account at the 
lower values of 71:1, where the groups 
show an increasing tendency to lie 
below the theoretical asymptote. 

As is evident in Fig. 2, Groups 
0 and 100 were shifted to the transfer 
condition after only 100 acquisition 
trials. The main results for these 
two conditions will be given in this 
paragraph and they will not be con- 
sidered again unless explicitly men- 
tioned. Mean errors in acquisition 
were 1.35 and 2.95 for Groups 0 and 
100, respectively. The difference is 
significant as shown by the Mann- 
Whitney U test, z= 2.93. The 
groups overshoot each other in the 
fourth block of transfer trials, and 
Group 0 makes significantly more 
repetition responses in that block, 
F (df = 1, 32) = 6.59 by an ad hoc 
test. The response rate over Trials 
201-500 was quite stable, but these 
data are omitted in Fig. 2. Group 0 
averaged 3.7% fewer repetition re- 
sponses than Group 50, and Group 
100 averaged 2.3% more repetition 
responses than Group 50 over these 
last 300 trials. However, the be- 
tween-groups F for these data was not 
significant. 

In the transfer trials, all conditions 
show some initial change in response 
rate except for Groups 40, 50, and 
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Mean percentage of repetition responses in acquisition, in transfer, 


and in recovery, as a function of trial blocks, Exp. II. 


60. Group 10 exhibits a sharp in- 


crease comparable to Group 0. The 
terminal transfer levels appear to 
be undergoing little change. How- 
ever, these terminal levels are not 
smoothly related to acquisition treat- 
ment: Groups 60-90 all cluster around 
the 70% level, Groups 10—40 level off 
at about 50%, and Group 50 falls 
neatly between. 

An analysis of total repetition re- 
sponses over Trials 401-500 was per- 
formed with sequences of reinforcing 
lights and acquisition treatment as 
orthogonal factors. For acquisition 
treatment, F (df = 8, 188) = 16.8, 
but no other effects were significant. 
Using the value s, = 2.64 (for a 
group of 20 Ss) obtained from this 
analysis in Duncan’s (1955) range 
test, Groups 10-40, Group 50, and 
Groups 60-90 separated out as three 
significantly different subsets of con- 
ditions, with no further differentiation 
within these three subsets. 


Recovery is evident for most groups 
in Fig. 2, but dissipates in about 
20 trials. Although Session 2 was 
too short to be more than suggestive, 
there seems to be a tendency for 
Groups 60—90 to return to their final 
level in Session 1, and for Groups 
10-40 to rise above their final level 
in Session 1. 

Recovery scores were computed by 
taking the absolute value of the num- 
ber of repetition responses on Trials 
481-500 from twice the number of 
repetition responses on Trials 1-10 
of Session 2. A positive score thus 
indicates a recovery of the acquisition 
response. Groups 0, 50, and 100 
were tested together but the analysis 
yielded no significant results. The 
mean recovery score, averaged over 
the remaining eight groups, was signif- 
icantly different from zero, F (df = 1, 
173) = 32.3. Further tests are viti- 
ated by the lack of control over the 
interval between sessions. 





80 NORMAN H. ANDERSON 


Except for Group 100, right and 
left were not counterbalanced in the 
light sequences because position pref- 
erences cannot produce artifacts with 
the present independent variable. 
Position preferences may exist, of 
course, and two tests were made for 
them. First, all key presses for all 
Ss over Trials 451-500 were pooled. 
There was a slight excess of left key 
presses, but a binominal test failed 
of significance. Second, all repeti- 
tion responses of Group 50 over Trials 
i-50, and over Trials 1-500 were 
treated similarly. No significant po- 
sitional effects were found in these two 
tests either. 


Sequential Dependencies 


Considerable additional information 
may be extracted from the data by 
considering the dependence of the re- 
sponse on any trial upon the subse- 
quence of stimuli and responses on the 
trials immediately preceding. The anal- 
ysis of these sequential dependencies 
has proved useful in previous work on 
specific models (Anderson & Grant: 
1957, 1958; Estes & Straughan, 1954). 
Without a_ specific model, however, 
the interpretation of the sequential 
dependencies presents certain pitfalls 
which have given rise to some confusion 
in the literature. Accordingly, some 
comments will be made at appropriate 
points on limitations in the interpreta- 
tion of such data. 

The two stimulus events will be de- 
noted by 0 and 1. A subsequence of 
consecutive events will be called a 
tuple. The symbol, R’(T), will denote 
the proportion of repetition responses 
conditional on the occurrence of any 
particular tuple, 7. Thus, R’(100) de- 
notes the proportion of repetition re- 
sponses, given that the stimulus lights 
on the three preceding trials were 1, 
followed by 0, followed by 0. Its value 
was calculated by dividing the number 
of occurrences of the stimulus tuple, 
100, into the number of times that this 
tuple is followed by a repetition response 


which, in this case, would be the re- 
sponse of predicting Event 0. Because 
right and left were equiprobable in all 
light sequences, and because no position 
preferences were found, the data from 
each pair of positionally complementary 
tuples were pooled before dividing to 
obtain the conditional proportions. Con- 
sequently, R’(100) and R’(011) denote 
the same quantity, and this quantity 
is obtained by pooling the data from the 
two 3-tuples, 100, 011. 

The specific tabulational 
used here requires comment in two 
respects. In the first place, the com- 
pilations were done by pooling the data 
over all Ss and all sequences in each 
condition before computing the desired 
proportions. There can result, as a 
consequence, certain biases as discussed 
more fully below. Second, the method 
of tabulation was such that, for instance, 
the tuple, 0000, contributed one in- 
stance to R’(0000), two instances to 
R’(000), three instances to R’(00), and 
four instances to the repetition response 
rate, R’(0). Similarly, the alternation 
tuple, 1010, contributed one instance to 
R’(1010), two instances to R’(010), 
three instances to R’(10), and four 
instances to the repetition response rate, 
R'(0); (see penultimate sentence of 
preceding paragraph). This procedure 
averages the R’ values over all possible 
antecedents of the corresponding tuples, 
and thus places the R’ values for runs, 
alternations, and other tuples on an 
equal footing. A somewhat different 
tabulational procedure has been used by 
Nicks (1959) in that part of his report 
dealing with run curves. The present 
method leads to simpler mathematical 
expressions relating sequential depend- 
encies and model parameters. However, 
Nicks’ method may prove to be more 
useful for nonparametric analyses. 

It may be worth mentioning that these 
tabulations, especially those involving 
response dependencies, are time con- 
suming. Consequently it is advisable 
to plan the general tabulation procedures 
and the data recording sheets with 
care so as to maximize efficiency. The 
use of the symbols 0 and 1, rather than 


procedure 
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OF PRECEDING STIMULI 


Mean percentage of repetition 
over Trials 101-300, inclusive: 
(a) response following runs of the designated 
length; (b) response following alternation 
tuples of the designated length. See text. 


Fic. 3. 
responses 


R and L, 


is recommended since they 
are easier to write and to read. 
Responses following runs and alterna- 
tion tuples —The proportion of repetition 
responses following runs and alterna- 


tions tuples of various lengths were 
tabulated from the data of Trials 101-300 
for each group. The results are given 
in Fig. 3. Tuples of length greater 
than eight are omitted, as well as all 
data points based on fewer than 100 
instances in the denominator. Figure 
3a plots the data for runs of various 
lengths. The successive points on each 
curve give the values of R’(0), R’(00), 
R’(000), R’(0000), etc. The inverted 
bowl shape of the five middle curves is 
the well known Jarvik (1951) negative 
recency effect, or gambler’s fallacy. In 
Fig. 3b are shown the data for the 
alternationtuples. Thesuccessive points 
on each curve give the values of R’(0), 
R’(10), R’ (010), R’(1010), etc. As would 
be expected, the probability of a repeti- 
tion response decreases as the length of 
the alternation tuple increases. Some- 


what more striking is the fact that in all 
groups (except Group 90 for which the 
relevant datum does not appear) the 
decrement following the third light in an 
alternation tuple is greater than the 
decrement following the second light 
in such a tuple. This result is not an 
artifact of the tabulational procedure. 
Indeed, if each point included data only 
from those alternation tuples having 
precisely the length specified on the 
abscissa, an even greater difference in 
the decrements would have been ob- 
tained. Finally, by comparing the two 
panels of Fig. 3, it can be seen than an 
alternation tuple has a greater overt 
effect than does a run. 

The variation over trial blocks in the 
response following runs and alternation 
tuples is exhibited in Tables 2 and 3. 
These tables list the differences between 
the R’ values for tuples of lengths 2, 3, 
and 4, and the R’ values for tuples of 
the next shorter length. The values of 
R’(0) are included in Table 2 in order 
to permit calculation of the separate R’ 
values entering into the several differ- 
ences. 

A negative difference in Table 2 
indicates that the probability of a repeti- 
tion response decreases as the length 
of a run increases, i.e., a negative recency 
effect. The lowest order differences, 
R’(00) — R’(0), are negative over the 
first 50 trials, but thereafter are nearly 
all positive. The two higher order 
differences also increase over trial blocks. 
These results suggest that the negative 
recency effect adapts out over trials. 
This adaptation seems to be more rapid 
for conditions with stronger repetition 
tendencies in the light sequences. 

A positive difference in Table 3 indi- 
cates that repetition response probability 
decreases as the length of the alterna- 
tion tuple increases. Most of the values 
of R’(0) — R’(10) are negative in the 
first block of 50 trials. Thereafter they 
assume fairly stable positive values except 
perhaps in the transfer trials for Groups 
10-30. The values of R’(10) — R’(010) 
are fairly constant over trial blocks. 
These latter values are also uniformly 
larger than the values of R’(0) — R’(10), 
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TABLE 2 


DIFFERENCES OF R’ VALUES FOR RuNs OF VARIOUS LENGTHS 





R’ and R’ Diff. 





Group 








R’(0) 
R’ (00) — R’ (0) 
R’ (000) — R’ (00) 


R’(0) 
R’ (00) — R’(0) 
R’ (000) — R’ (00) 
R’ (0000) — R’ (000) 
R’(0) 
R’(00) — R’(0) 
R’ (000) — R’ (00) 
R’ (0000) — R’ (000) 


R’(0) 

R’ (00) — R’(0) 

R’ (000) — R’ (00) 
R’ (0000) — R’ (000) 


R’(0) 

R’ (00) — R’ (0) 

R’ (000) — R’ (00) 
R’ (0000) — R’ (000) 

















R’(0) 

| R’(00) —R’(0) 
R’ (000) — R’ (00) 
R’ (0000) — R’ (000) | 














Note.—Decimal points omitted. 
* Calculated from the data of Trials 1-100. 


confirming and extending the results 
of Fig. 3b. 

Response following other stimulus tuples. 
—It is also of interest to examine the 
sequential dependencies for stimulus 
tuples other than runs and alternations. 
The statistic considered is the difference 
of R’ values of tuples which are alike 
except for the leftmost (trialwise most 
remote) stimulus event. These differ- 
ences thus measure the influence of the 
trialwise most remote event of the tuple 
on the current response. 

The R’ values have unequal reliability 
since the number of instances of a 
given tuple varies systematically with 
acquisition treatment. The R’ values 
presented for 3-tuples are based on at 
least 150 instances in a block of 100 
trials. However, six of the 4-tuples of 
Table 5 had pooled frequencies between 


| -12 





00 


cram FM oi’ Sa 
| sil 90| 93 
| 03 | o1\ 01 
| —06 | 00! 00 











07 
—02 
—03 








50 and 100 instances. In the transfer 
trials, of course, all tuples of a given 
length are equiprobable, and the R’ 
values of tuples of lengths 2, 3, and 4 
are based on approximately 1000, 500, 
and 250 instances, respectively, for a 
group of 20 Ss. It should be noted that 
pooling data across the sequences within 
each condition introduces a bias to the 
extent that the number of instances of 
each tuple varies across sequences. 
However, the bias would appear to be 
negligible in the present results. Of the 
24 R’ values which were also computed 
from the individual S’s data (see below), 
the average magnitude discrepancy was 
005. 

The 2-tuple difference, R’ (00)— R’ (10), 
may be obtained by adding correspond- 
ing values of R’(00) — R’(0) from Table 
2 and R’(0) — R’(10) from Table 3. 
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TABLE 3 


DIFFERENCES OF R’ VALUES FOR ALTERNATION TUPLES OF VARIOUS LENGTHS 


. 
Group 
Trial 


Block R’ Differences 





| R’(0) — R’(10) | 05 |-03 |—01 
R’ (10) — R’ (010) 





R’ (0) — R’(10) 00 | : 10 
R’ (10) — R’ (010) 03 | 
R’ (010) — R’ (1010) 
101-200 | R’(0) —R’(10) 

R’ (10) — R’ (010) 

| R’(010) — R’(1010) 











201-300 | R’(0) —R’(10) | | | | | 02 
| R’(10) —R’(010) ‘ | 07 
| R’(010) —R’(1010) 5 | | 06 
= a = — — = DS cneeeteenees pce 
301-400 | R’(0) —R’(10) | 02 | 04 | 
R’(10) — R’(010) | 10 | 10 
R’(010) —R’(1010) | 5 | | 07 
401-500 | R’(0)—R’(10) : | oO | O1 | 
R’ (10) — R’ (010) 12 | 06 
R'(010) —R’(1010) 


Note.—Decimal points omitted. 
* Calculated from data of Trials 1-100 


TABLE 4 


DIFFERENCES OF R’ VALUES OF PAIRED 3-TUPLES 


Trial 
Block 
40 


(a) R‘(000) —R’(100) 


—11 —19 
—08 | -21 
-17 | —09 
—~09 | 03 
—02 01 
—03 | —01 


(b) R’(110) —R’(010) 


50 18 20 09 
51-100 03 | 26 3 | 22 
101-200 | : 06 | 19 13 | 
201-300 | 08 03 | 15 5 | 13 | 
301-400 | 01 18 | 18 18 | 


i 
! 


401-500 | 01 18 a1 | 11 


Note.—Decimal points omitted. 
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These differences rise from predomi- 
nantly negative initial values to level 
off at reasonably stable and definitely 
positive values of the order of .1.  Ex- 
cept for Groups 10 and 20, there seems 
to be neither any systematic between- 
groups variation, nor any change in the 
transfer trials. 

The two 3-tuple differences are pre- 
sented in Table 4 for each group and for 
successive blocks of trials. The sepa- 
rate R’ values in each difference may be 
readily evaluated by making use of the 
data of Tables 2 and 3. The values of 
R’ (000) — R’(100) are mostly negative 
in the early trials, but tend to become 
positive in the later trials for the groups 
with higher acquisition values of condi- 
tional probability. This trend presum- 
ably reflects the adaptation of the nega- 
tive recency effect previously mentioned. 
The values of R’(110) — R’(010), al- 
though suggestive of some differences 
between groups and over trial blocks, 
are rather the more remarkable for the 
degree of constancy which they exhibit. 
The average value is of the order of .2 
which, being larger than the value of 
R’(00) — R’(10), re-emphasizes the in- 
fluence of alternation tuples on S’s 
response. 

In order to obtain some indication of 
the variability of the scores discussed 
in the preceding two paragraphs, R’ 
values were computed for the individuai 
Ss of Groups 30, 50, and 70, for Trial 
Blocks 101-200, and 401-500. The 
resulting analyses are given in Table 5. 


NORMAN H. ANDERSON 


In particular, the Fs for Mean show that 
the R’ values differences, averaged over 
the two blocks of trials and over groups, 
are significantly different from zero. 

The four 4-tuple comparisons were 
made only for Groups 30, 50, and 70; 
the results are given in Table 6. The 
values of R’(0000) — R’(1000) are largely 
negative, again reflecting the nega- 
tive recency effect. The values of 
R’ (0010) — R’(1010) are all positive and 
fairly large. Thus an alternation rather 
than a repetition three trials back in 
the sequence of lights still exerts a 
decided effect on the current response. 
The two remaining differences are es- 
sentially zero for Groups 30 and 50, 
but tend to be positive for Group 70. 

The results of this section give ample 
evidence of the influence of the more 
remote stimulus events on the current 
response. In interpreting these results, 
however, it should be specifically noted 
that a nonzero difference implies nothing 
about S’s perception of, or memory for 
these more remote stimuli. Any model 
which takes account of the trial-to-trial 
changes in the response probability 
would predict nonzero differences (An- 
derson, 1959; Estes & Straughan, 1954). 

Response—response dependencies.—Fur- 
ther information may be obtained by 
considering the dependence of the cur- 
rent response on the preceding response. 
Unfortunately, these dependencies are 
more difficult to interpret than are the 
stimulus dependencies because of a 
selection effect, and because of certain 


TABLE 5 


ANALYSIS OF VARIANCE OF R’ VALUE DIFFERENCES FOR Groups 30, 50, AND 70 





Source 


F Ratios For 





Mean 
Groups 
Error (b) 
Trials 
TXG 
Error (w) 


R’(00) — R’(10) 


R’ (000) — R’(100) R’(110) — R’(010) 





80.1* 
1.80 
(.069)* 
0.23 
0.66 
(.032)* 








*P< .0S. 
*® Error mean squares. 
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TABLE 6 


DIFFERENCES OF R’ VALUES OF PAIRED 4-TUPLES 


Group 


30 50 
| 


(a) R’(0000) — R’(1000) 


—10 


1-100 | 08 
—06 


101-200 —03 
201-300 ~06 —12 
301-400 —04 | -—04 
401-500 -07 | 01 


(c) R’(0010) —R’(1010) 


1-100 10 | _ 
101-200 | 12 ia 
201-300 16 10 
301-400 11 15 
401-500 | 11 | 03 


Note.—Decimal points omitted. 


biases. These two difficulties will be 
discussed in the appropriate places. 

The simple first-order response-re- 
sponse dependency is found by counting 
the frequency with which the key press 
on one trial is repeated on the next trial. 
This statistic was computed for each S 
of Groups 30, 50, and 70, over Trials 
401-500, with resulting mean proportions 
of .538, .533, and .538, respectively. 
The three values do not differ signifi- 
cantly among themselves, but their mean 
is greater than the chance value of .500, 
F (df=1, 101) = 17.6. This same 
statistic was also calculated for each 
of the ten 50-trial blocks for Group 50, 
but there was very little trial variation. 
The mean over all 500 trials was .538. 

The result of the previous paragraph 
does not necessarily imply either that 
Ss had a set or tendency to repeat the 
previous key press, or that the previous 
response has any determining influence 
on the present response; it could equally 
well represent the workings of the laws 
of probability according to the following 
argument. The probability of a left 
key press, averaged over trials on which 
a left key press occurred, will be greater 
than this same quantity averaged over 
trials on which a right key press occurred. 
It may then be expected (at least in the 


Group 


"70 50 70 


R’ (1110) — R’ (0110) 
; 00 


05 
09 
| 06 


| 12 


R’(1100) — R’ (0100) 
| aa a 07 
01 
02 
—01 
—03 


present case; see also below) that the 
probability of a left key press, averaged 
over trials following a left key press, will 
be greater than this same quantity 
averaged over trials following a right 
key press. The response will thus tend 
to repeat itself so that there is no present 
reason to believe that the obtained value 
of the response-response dependency 
represents anything more than this 
response selection effect. Any mathe- 
matical model would, of course, predict 
the magnitude of this response selection 
effect and thereby make use of the 
obtained data as a test of goodness of 
the model (e.g., Anderson, 1959; Ander- 
son & Grant, 1958). It should be noted 
that, in general, some response selection 
effect will always be obtained whenever 
successive responses are not, for what- 
ever reason, statistically independent. 
Consequently, the joint dependencies to 
be considered next are subject to the 
same difficulties of interpretation. 

The dependence of the current re- 
sponse on the joint occurrence of the 
previous response and the four previous 
stimuli was also investigated. The nota- 
tion for these dependencies is similar to 
that used for the stimulus dependencies. 
In the argument of each R’ value, the 
symbols preceding the semicolon denote 
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the previous stimuli in the same way 
as before, and the symbol following the 
semicolon denotes the previous response. 
Thus, R’(1010; 1) denotes the propor- 
tion of repetition responses given that 
the last four stimulus lights were 1,0,1,0, 
in that order, and that the last response 
was 1. In each case, the last listed 
stimulus is the reinforcing stimulus for 
for the listed response. As before, the 
data were pooled over key positions so 
that, for instance, R’(1010; 1) and 
R’(0101; 0) denote the same quantity. 
There is thus no restriction involved in 
presenting the data in such a way 
that the last stimulus is always 0, and 
this convention has been adopted. Con- 
sequently, the R’ values always denote 
the conditional probability of the re- 
sponse 0 on the next trial. 

These R’ values were obtained by 
pooling the data over Ss and over trials 
for Trial Blocks 1-300 and 301-500. 
The comparisons presented in Table 7 
are differences between R’ values based 
on the same stimulus 4-tuple, and differ- 
ing only in the previous response. 
Nonzero differences correspond, there- 
fore, to predictability conferred by 
knowledge of the previous response over 
and above predictability gained by 
knowledge of the four previous stimuli. 
Table 7 is so arranged that the last 


response was correct in the R’ value 
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on the left side, incorrect in the R’ value 
on the right side of each difference. In 
addition, the first four lines are for 
those cases in which the last two stimuli 
were alike, and the last four lines are for 
those cases in which the last two stimuli 
were unlike. 

The problem of bias must be con- 
sidered before discussing the results. 
Since the R’ values are proportions condi- 
tional on the previous response, they 
involve a denominator which is subject 
to variation. This random variation 
introduces a bias which is approximately 
inversely proportional to sample size 
(Cramer, 1946, Sec. 27.7). An R’ value 
computed for an individual S will thus 
be biased because of the limited number 
of responses made by that S. If Ss 
were identical in the sense of having the 
same learning rates, this bias could (and 
should) be reduced by pooling the data 
of the group in order to compute a 
single ratio. However, if Ss are not 
identical, this pooling procedure will 
itself introduce a bias because of the 
limited number of Ss. This bias will 
be found even when there is sufficient 
data for each S to render negligible the 
bias in the individual ratios. In fact, 
the bias in the individual scores reported 
below is negligible; however, the entries 
of Table 7, which are based on pooled 
group data, do involve appreciable bias. 


TABLE 7 


DIFFERENCES OF PAIRED R’ VALUES FOR STIMULUS-RESPONSE DEPENDENCIES 


Group 30 


Group 50 Group 70 





R’ Differences 





301-500 





Trials Trials 





1-300 301-500 





R’ (0000 ; 0) —R’ (0000; 1) 
R’ (1000; 0) —R’ (1000; 1) 
R’ (0100; 0) —R’ (0100; 1) 
R’ (1100; 0) —R’(1100; 1) 
R’(1110; 0) —R’(1110; 1) 
R’(0110; 0) —R’ (0110; 1) 
R’(0010; 0) —R’ (0010; 1) 
R’ (1010; 0) —R’(1010; 1) 








—02 


37 
26 
09 
10 


35 
22 
12 
04 
00 
04 
00 
01 





18 
—}1 











Note.—-Decimal points omitted. 
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This observed bias may, therefore, be 
taken as reflecting the existence of 
individual differences. 

It may be noted, parenthetically, that 
any model which took into account the 
trial-to-trial changes in response proba- 
bility would yield theoretical expressions 
(possibly of a Monte Carlo variety) for 
the unconditional proportions. The use 
of such data would avoid the problem 
of bias arising from the use of ratios 
with a random variable denominator. 
Since the two models considered here 
have already been seen to be inadequate, 
this procedure has not been followed. 
Without a model, however, the uncon- 
ditional proportions are uninterpretable. 
Consequently, the nonparametric pro- 
cedure adopted here, despite its defects, 
seems necesary to obtain meaning from 
the results. 

The results for Group 50 will be 
conside: 4 first since they are the most 
reliable. The entries in the first four 
lines of Table 7 are positive and large. 
Positivity would be expected on the 


basis of the response selection effects 
discussed above since the previous key 


press in the R’ values on the left of each 
difference is a 0, and since the repetition 
response is a 0 for both R’ vaiues of each 
difference. However, the Table 7 en- 
tries seem: considerably larger than one 
would expect if the response selection 
effect alone were operating. The most 
appropriate measure of the size of the 
response selection effect is obtained by 
doubling the difference between the 
simple first-order response—response de- 
pendency and the chance level. The 
previous data of this section thus yield 
the value of .076 against which to 
compare the Table 7 entries. This 
comparison value may actually be too 
large since taking into account the 
four previous stimuli, as is being done 
here, would be expected to reduce the 
amount of information conferred by 
knowledge of the previous response. 

In order to test this comparison, the 
bias in the entries of Table 7 must be 
allowed for. Two values of R’(000; 0) 


— R’(000; 1) were calculated for each S 


of Group 50, each value based on the 


data of alternate 50 trial blocks. Since 
the bias is inversely proportional to the 
amount of data, comparing the mean 
of these two values with the correspond- 
ing value based on all the data for that 
S yields a measure of the bias in the 
individual scores arising from the use 
of the ratio. This bias was negligible. 
It may be noted, incidentally, that the 
correlation between the two scores was 
.55. The mean of the individual values 
of R’(000; 0) — R’(000; 1) was .24 
which is significantly larger than the 
comparison figure of .076, F (df = 1, 
39) = 50.83. Also, the .24 value is less 
than the weighted mean of .27 obtained 
from the Group 50 entries in the first 
two lines of Table 7. It is thus seen 
that these particular entries are biased 
away from zero. 

The finding that the response selection 
effect is insufficient to account for the 
Group 50 entries in the upper half of 
Table 7 should be interpreted cautiously. 
It may be necessary to allow for a de- 
termining effect of the previous response 
on the present response as is done in the 
experimenter—subject controlled models 
of Bush and Mosteller (1955). A second 
possibility is that the assumption of 
path independence must be abandoned 
as in the models proposed by Sternberg 
(1959b). 

The Group 50 entries in the lower half 
of Table 7 are predominantly negative. 
Statistical significance was investigated 
by computing individual values of 
R’(10;0) — R’(10;1) according to the 
procedure used for the upper half of the 
table. The split-half analysis yielded a 
correlation of .67, and showed also that 
the bias in the individual 
negligible. 


scores was 
The mean of the individual 
scores was —.036, with a _ standard 
error of .030. The tabular entries are 
again biased away from zero, since the 
corresponding mean obtained from Table 
7 was —.053. Although the Group 50 
entries in the lower half of Table 7 
are not significantly less than zero, they 
deserve comment since the response 
selection effect noted above would, if 
taken at face value, imply that these 
entries should be somewhat greater than 
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zero. In accord with the original model, 
and with the preceding analysis of 
stimulus dependencies, it is assumed 
that Ss have an alternation response 
(predicting next that light which did 
not flash last) in their repertoire. Now, 
in the R’ value on the left of each differ- 
ence, an alternation response (a0) has 
just been made (and rewarded). But 
in the R’ value on the right side of each 
difference, a repetition response has just 
been made (and punished). Hence it 
would be expected on purely proba- 
bilistic grounds that an alternation 
response (a1) would be more likely on 
the next trial in the first case than in the 
second. This means that a repetition 
response on the next trial will be less 
likely in the first case than in the second, 
in agreement with the data. By thus 
interpreting the overt key presses as 
alternation and repetition responses, 
it is seen that the simplest explanation 
of the negative values is in terms of a 
response selection effect. Conversely, 
the fact that the entries are not positive 
gives added support to the existence of 
the alternation response. The further 
interpretation of the results as indicative 
of differential effects of reward and 
nonreward would be prema re. 

The data for Groups 30 and 70 need 
little discussion. The entries in the 
upper half of Table 7 present essentially 
the same picture as Group 50 did. The 
data for the lower half of the table do 
not show such good agreement. This 
might perhaps be expected for Group 70 
since the alternation response presum- 
ably does not develop as strongly there. 
For Group 30, individual values of 
R’(10; 0) — R’(10; 1) over Trials 1-300 
were computed using the split-haif 
technique as before. The correlation 
of the two scores was .69, and again 
the bias in the individual scores was 
negligible. The mean individual score 
was — .061 with a standard error of .031. 
While the mean thus falls slightly short 
of being significantly less than zero, it 
reinforces the corresponding analysis of 
the Group 50 data. It should be noted, 
however, that the values over Trials 
301-500 for Group 30 are not negative, 
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a result which is contrary to the above 
explanation. 


Miscellaneous Results 


This section gives two results from 
the combined data of Exp. I and II. 

It has been observed that Groups 30 
in both experiments show a hump at 
the third block of 10 acquisition trials, 
first increasing and then decreasing in 
frequency of repetition responses. Tests 
were made on the difference of the total 
scores on Trials 1-10, and Trials 21-30. 
The mean difference was significantly 
greater than zero both for Exp. I, 
F (df = 1, 48) = 18.81, and for Exp. 
II, F (df = 1, 24) = 12.46. Moreover, 
there were no complications from other 
factors: in Exp. I, neither trial rate, 
stimulus sequences, nor their interaction 
were significant; in Exp. II, where eight 
different sequences were used, the F 
for Sequences was again close to unity. 
Group 40 lay significantly below the 
50% level on the first block of 10 trials, 
which is consistent with the behavior 
of Group 30. 

These results suggest the presence of 
an initial tendency toward alternation 
responses. In order to obtain a purer 
measure of initial tendencies, the data 
from the first two key presses are given 
in Table 8. Here the first stimulus light 
follows the first key press and precedes 
the second key press. Table 8 includes 
the present data, that from Exp. 3 of 


TABLE 8 
Jornt DIsTRIBUTION OF First Two 
PRESSES AND FIRST REINFORCING 
STIMULUS 


KEY 


First Reinforcing Stimulus 
First Two 
Key Presses 





Right Light | Left Light 


119 
99 
40 
85 


Right-Right 
Right-Left 
Left-Right 
Left-Left 





Total 343 261 








Note.—The reinforcing stimulus follows the first 
key press and precedes the second key press. 
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Anderson and Grant (1957), and that 
from a pilot study, to yield a total N of 
604. In all cases, Ss had three previous 
practice trials in which both lights or 
neither light could come on, but not 
either light singly. There isa significant 
preference for the right key on Trial 1, 
but not on Trial 2. The probability 
that the second press is an alternation 
response is .57, significantly above chance 
by a binomial test. It will be noted 
that the data could also be interpreted 
in terms of the ‘“‘win—?, lose-stay”’ 
strategy of Goodnow and Pettigrew 
(1955). A somewhat different treat- 
ment of these data has been made by 
Sternberg (1959a) in terms of a model 
embodying a perseverative tendency. 


DISCUSSION 


This discussion will first compare the 
present results with those of other 
experiments, and then consider the 
mathematical model approach to proba- 
bilistic learning situations of the kind 
investigated here. 

The most relevant comparison data 
are those of Engler (1958). Four con- 
ditions in her Exp. II had acquisition 
values of m,, identical with those of the 
present Groups 10, 50, 70, and 90. The 
numerical values of the terminal acquisi- 
tion levels are in fairly good agreement 
except that, for Group 10, the present 
asymptote of .04 is considerably lower 
than the .11 figure obtained by Engler. 
Her Group G, with 7; = .25, also 
terminates somewhat higher than might 
be expected by interpolation in Table 1. 
The source of this discrepancy is not 
clear. However, it is somewhat dis- 
turbing in view of the generally good 
agreement among different experiments 
on asymptotic values for the frequency 
variable. 


It is worth mentioning that Groups 


0 and 100, which received continuous 
reinforcement in acquisition, were little 
different from Group 50 in the transfer 
trials, but had significantly different 
transfer asymptotes than the other 
alternation and repetition groups. This 
result is not inconsistent with the com- 


mon finding of greater resistance to 
extinction after partial reinforcement 
if the transfer condition is considered as 
analogous to extinction. It is possible, 
of course, that Groups 0 and 100 would 
have reached different transfer asymp- 
totes had they been given more than 100 
acquisition trials. 

The finding that Group 0 learned 
faster than Group 100 is the reverse 
of the result of Goodnow and Pettigrew 
(1956). A _ plausible explanation lies 
in the difference in the reinforcing stimu- 
lus situation. In their ‘‘two-armed ban- 
dit’’ task, the fact that the other response 
would have been correct on trials when 
S received no chip was established by 
instruction, but no special signal to this 
effect was given during the experiment 
as was done in the procedure here. 

The results from the alternation tuples 
do not seem to be entirely in agreement 
with corresponding results of Nicks 
(1959). In _ particular, R’(0010) — 
R’(1010) has the value of about .2 for 
Groups 30, 50, and 70, (Table 6). Nicks’ 
Table 2, however, shows values of the 
same statistic of .02 and .04. The 
tabulation procedures were the same 
in both cases, and the reliabilities of the 
data are such as to make the discrepancy 
significant. Nicks reports these data 
only for his 67:33 frequency condition 
so that the source of the discrepancy may 
stem from this difference in the experi- 
mental situations. In any event, the 
present data show that Nicks’ emphasis 
on runs as the only important stimulus 
tuples is not justified in general. 

The final comparison with existing 
data is restricted to Group 50. For this 
condition, a statistic obtained by dou- 
bling the difference between the repeti- 
tion response level and the chance level 
is the same as a sequential statistic 
computed by Estes and Straughan 
(1954). This quantity has here an 
asymptotic value of about .24 which 
agrees with the average value of .24 ob- 
tained from their three frequency condi- 
tions. In the report of Anderson and 
Grant (1957), however, these values 
(there denoted by a) tended to be some- 
what larger. In all three of these ex- 
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periments it was found that the a values 
were considerably lower in the early 
trials. 

The predictions made by the present 
model, as well as by the revised model of 
Burke and Estes (1957), disagree with 
the experimental results in a number of 
respects. In the first place, the acquisi- 
tion asymptotes at the lower 7, values 
are considerably below the theoretical 
values. Second, the analyses of the 
sequential dependencies have exhibited 
several deviations: the negative recency 
effect, which is commonly reported, was 
again found here; the alternation tuple 
data showed that the third preceding 
light in the stimulus tuple, RLR, had 
a greater effect than the second preceding 
light in the stimulus tuple, RL, a result 
which is contrary to both models; in 
addition, the analysis of the response 
dependencies suggested that knowledge 
of the previous response yielded more 
information about the present response 
than would be expected theoretically, 
at least for models similar to those 
considered here. Finally, the fact that 
the final levels in the transfer condition 
(in which all groups received the same 
treatment) were different, and showed 
no sign of converging, is definitely con- 
trary to the models. 

Although these discrepancies have been 
obtained in the conditional probability 
situation, it is evident that they are 
in large part applicable to models for the 
frequency situation as well. In particu- 
lar, the 7; = .5 condition is common to 
both the frequency and the conditional 
probability situations. Thus, although 
the conditioning process assumed in 
current mathematical models for the 
two-choice task may well occur, it would 
appear that the models neglect much 
of the underlying processes. Further- 
more, since the mean learning curve 
comprises an average of the sequential 
increments and decrements in response 
probability, the agreement between ob- 
tained and predicted ‘‘matching solu- 
tion’”’ behavicer must be considered 
fortuitous. 

A necessary condition for constructing 
an adequate model is brought out by the 


sequential dependency analyses. The 
negative recency effect and the alterna- 
tion tuple results imply specifically that 
it will be necessary to take into account 
the reinforcing stimulus on more than 
the one preceding trial which was con- 
sidered in the two models discussed here. 
The situation could then be considered 
as discrimination learning, with memory 
traces of the last several events serving 
as discriminative stimuli in a system of 
S-R associations. It would probably 
be desirable to allow an analogous trace 
representation of preceding responses 
in the model, although the existing 
evidence is not unambiguous on the 
necessity for this. 

The formulation of the preceding 
paragraph is consistent with the claim 
of Hake and Hyman (1953) that Ss 
perceive and respond to specific se- 
quences of events preceding each trial, 
and is perhaps not opposed to the notion 
of ‘‘strategies’’ used by Goodnow and 
Pettigrew (1955). However, it is ap- 
parent that the elucidation of the effec- 
tive discriminative stimuli will not be as 
simple as has been thought. The speci- 
fication of these stimuli will probably rely 
heavily on sequential dependency data, 
but these, as has been seen, include a 
number of automatic effects not directly 
indicative of underlying psychological 
processes. Indeed, it would appear that 
the dissection of these data cannot be 
carried very far without an exact model. 
Estes’ (1950) conceptualization of the 
stimulus, together with the treatment 
of probabilistic discrimination learning 
given by Burke and Estes (1957), affords 
a possible method of attack. Thus, 
for instance, shorter tuples or tuples 
of greater perceptual impact would 
correspond to larger subsets of stimulus 
elements or to subsets of stimulus ele- 
ments with greater sampling probabili- 
ties. The stimulus element approach 
would also be well suited to quantifying 
the similarity of the total stimulus trace 
on successive trials. Sternberg’s (1959b) 
path-dependent models with many-trial 
dependencies represent a second possible 
approach to the problem. 

It was expected that the sequential 
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dependency analyses would give the 
most incisive information about the 
behavior since they most directly reflect 
the trial-to-trial increments and decre- 
ments in the variables underlying the 
overt response. Nevertheless, the por- 
tion of these data which was immediately 
useful was not overly large. As has 
been seen, the nonparametric interpreta- 
tion of such data is difficult when the 
behavior is as complicated as is the case 
here. The sequential dependencies are 
most useful in testing or evaluating 
parameters of particular models since 
any quantitative model must predict 
their magnitude. A general mathema- 
tical treatment of sequential dependen- 
cies for linear learning models has been 
given by Anderson (1959). It can be 
shown, for example, that the original 
Estes and Straughan (1954) model implies 
that the entries within each of Tables 5 
and 6 should be constant and equal to 
6(1 — @)?, and @(1 — 6)’, respectively. 


Corresponding expressions for the two 
models discussed here were not worked 
out since they failed on other grounds. 


However, the cited expressions point 
up the usefulness of the dependency 
data. It is hoped that the present 
results will be of use in testing future 
models. 

The behavior in the transfer condition 
raises a serious problem for any theo- 
retical treatment of the 
probabilistic situation. It 
called that in the transfer condition, 
in which all Ss received a common 
treatment, the various groups showed 
no sign of converging to a common level 
of repetition responses even after hun- 
dreds of trials. The data also indicated 
that this transfer effect was not smoothly 
related to acquisition treatment. From 
a qualitative point of view, it is apparent 
that the acquisition treatment has in- 
duced some permanent or semiperma- 
nent change in the Ss. However, the 
results of the sequential dependency 
analyses have shown that at least some 
of the various stimulus tuples must 
be considered separately. Consequently, 
since the induced change could be asso- 
ciated with any or all of these tuples, 


two-che vice 
will be re- 


it is not possible to get a clear specifica- 
tion of its locus on the basis of the 
existing data. 

The same problem holds for the 
mathematical model approach, but in 
an even more acute way since quantita- 
tive results are desired. The _ trace 
stimulus formulation would be feasible 
if the traces are short range and do not 
extend back more than, say, a half dozen 
trials. However, the transfer behavior is 
a long-range effect spanning several hun- 
dred trials. It is clearly impracticable 
to allow directly for such long term 
tracesinany model. The same difficulty 
would apply to Sternberg’s (1959b) 
path-dependent models. 

It is possible, of course, that the long 
range effects arise from systematic 
changes (e.g., Restle, 1955) in the popu- 
lations of stimulus elements which give 
rise to the short range traces. If this 
is correct, the suggested development 
would still be practicable although it 
would require the incorporation of the 
laws of such stimulus change. There is 
some evidence which may very gingerly 
be interpreted as suggesting that such 
laws of stimulus change may not 
be too complicated. The fact that 
the between-groups differences in the 
higher order dependencies were not more 
marked indicates that the changes in the 
stimulus element populations may pos- 
sibly be largely confined to the stimulus 
2-tuples. However, such a simple reso- 
lution of the problem of long range 
effects would still be insufficient to 
salvage the two models discussed here. 

It seems not unreasonable to suggest 
that the most promising present line of 
attack on the two-choice situation lies 
in an extensive empirical investigation 
of the behavior under a variety of trans- 
fer conditions. This would include the 
study of repetition responses in situa- 
tions in which the light frequencies are 
the independent variables. The present 
data, and those of Engler (1958) and 
of Goodnow and Pettigrew (1955) who 
also used a transfer paradigm, cover 
only a small part of the picture. Until 
more knowledge of transfer behavior is 
available, spot checking of specific mod- 
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els is liable to be little better 
shooting in the dark. 

In future work, it might well be more 
efficient to procure large quantities of 
data for a few Ss so that reliable indi- 
vidual values of the sequential dependen- 
cies can be obtained. It is apparent 
from the present results that a number 
of parameters will be needed to account 
for the behavior, whether or not this is 
done in a formal mathematical way. 
Averaging data over Ss in order to 
increase reliability is only too likely to 
simultaneously confound the descriptive 
statistics with individual differences (An- 
derson, 1959). This increases the dif- 
ficulty of interpreting the statistics as 
well as any model parameters derived 
from them. 


than 


SUMMARY 


Two experiments on two-choice proba- 
bility learning were reported which varied 
the first-order conditional probability in the 
stimulus event sequences. This variable is 
the probability that an event occurs on one 
trial, given that it occurred the previous trial. 
The dependent variable was predictions of 
that same event which had occurred the 
previous trial. 

Experiment I used a 3 X 2 design with 
three trial rates and two values of conditional 
probability in the 200 acquisition trials. 
Acquisition was followed by transfer to com- 
pletely random sequences. The conditional 
probability groups reached significantly dif- 
ferent acquisition asymptotes, and stable, 
but significantly different, response rates in 
transfer. 

In Exp. II, 11 groups were given acquisi- 
tion training with conditional probabilities 
ranging from 0 to 1. Excepting the two 
extreme groups, 300 acquisition trials, 200 
transfer trials, and 60 recovery trials were 
given. Acquisition asymptote was an orderly 
function of conditional probability. Stable 
but unequal response rates in transfer were 
obtained, asin Exp.I. Spontaneous recovery 
was also obtained. 

Detailed analyses of sequential depend- 
encies in the stimulus-response sequences 
found, in addition to the ‘“‘gambler’s fallacy,” 
strong effects of strings of consecutive alter- 
nations in the stimulus sequences. Some 
evidence for a determining effect of previous 
responses was obtained. 


ANDERSON 


Two models based on statistical learning 
theory predicted asymptotic acquisition re- 
sponse levels quite well for the higher values 
of conditional probability, but did poorly 
at the very low values. The models also 
failed to account for the nonconvergence in 
transfer, and for much of the sequential 
dependency data. It was concluded that 
agreement between obtained and predicted 
“matching solution’’ behavior is fortuitous. 
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RELATION OF SERIAL POSITION ERRORS TO DOUBLET 
AND SPLIT-DOUBLET LOCATION IN VERBAL 
PATTERN ! 


MAZE 


RONALD L. ERNST, DONALD R. 


AND W. J. 


University 


Thompson, Voss,and Brogden (1957) 
investigated the effect of doublet 
location within the verbal maze 
pattern on its acquisition and the 
form of the serial position error curves. 
The 16-unit 4-choice pattern of Brog- 
den and Schmidt (1954) was modified 
by locating doublets (two successive 
like responses) at Units 2 and 3, 
5 and 6, 8 and 9, 11 and 12, and 14 
and 15, respectively, for the five 
experimental groups. The serial posi- 
tion curves of the difference in errors 
between each experimental group and 
the control group show a doublet 
effect of a significant increase in 
errors for the second item. Analysis 
of first-order contingent responses 
on the first trial shows that Ss tend 
not to repeat a response correct for 
the immediately preceding position 
and suggests that this kind of guessing 
behavior during the discovery phase 
of acquisition accounts for the doublet 
effect. 

The method of producing a doublet 
for the experimental group patterns 
generated split-doublets (two identical 
response items with a different re- 
sponse item between them), of which 
there were none in the control group 
pattern. The split-doublets produced 
a significant increase in error at the 
position of the second like item (third 
position of split-doublet sequence). 


1 This research was supported in part by 
grants from the National Science Foundation 
and the Research Committee of the Graduate 
School from funds provided by the Wisconsin 
Alumni Research Foundation. 
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The unintended confounding of dou- 
blets with split-doublets in the ex- 
perimental maze patterns may be 
responsible for the results. Of the 
two experiments to be reported?, one 
is an exact repetition of the one per- 
formed by Thompson, Voss, and 
Brogden (1957) with elimination of 
split-doublet sequences from the pat- 
terns of the experimental groups. 


The other experiment was designed 
to study the effect of location of 
split-doublets. 


PROCEDURE 


Experiment I.—The 16-unit maze with 
the four alternate choices, 10, 20, 30, and 40, 
each occurring four times in the pattern, 
was learned by the control group. The 
five patterns acquired by the experimental 
groups contained a single doublet at Maze 
Units 2 and 3, 5 and 6, 8 and 9, 11 and 12, 
14 and 15, respectively, and each represented 
a limited modification of the standard maze 
to provide a doublet without split-doublets 
or other noticeable sequences elsewhere in 
the maze. Each maze was permuted to 
obtain four subpatterns and thus provides 
for each number to be represented once at 
each of the 16 positions. 

Of 24 Ss in each group, six learned one 
of the four subpatterns. Half of the Ss 
in each condition were treated by one of two 
Es. The Ss were students in elementary 
psychology at the University of Wisconsin 
who volunteered to serve. Assignment of 
Ss to conditions was random within each 
replication. 

The instructions of Thompson, Voss, and 
Brogden (1957) were read to S. Responses 
of 10, 20, 30, or 40 were made by S with E 

2 Hoffeld and Seidenstein collaborated with 
the senior author on Exp. I and Ernst on 
Exp. II. 
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signaling the correct response by saying 
“Forward.” This procedure continued until 
S completed one errorless trial. Each re- 
sponse at each unit was recorded by E 
for each trial. A stop watch was used to 
measure the time of each trial and the 1-min. 
rest between trials. Other conditions were 
comparable to those of Thompson, Voss, 
and Brogden (1957). 

Experiment II.—The four patterns acquired 
by the experimental groups contained a single 
split-doublet at Maze Units 2-4, 5-7, 10-12, 
and 13-15, respectively, and each represents 
a limited modification of the standard maze 
to provide a split-doublet without doublets 
or other noticeable sequences elsewhere in 
the maze. Except that a single E treated 
all Ss (24 in each group, 6 in each subgroup), 
the procedure for Exp. II was identical to 
that for Exp. I. 


RESULTS 


Experiment I.—Analyses of vari- 
ance of the data in terms of time and 
trials to the criterion trial showed no 
significant effect for maze pattern, 
maze pattern subgroups, £, or the 
interaction of these variables. Since 


the assumption of homogeneity of 
variance was found not tenable for 
the error data, the 1% level was used 
to determine statistical significance 


for all analyses of these data. No 
source from the between-Ss variation 
was significant. For the within-Ss 
variance, the significance of serial 
position establishes the reliability 
of the serial position error curves. 
Of the significant interactions, only 
that for serial position by maze 
pattern is meaningful in terms of the 
experimental design. Graphic plots 
of the other interactions (serial posi- 
tion by submaze pattern and serial 
position by maze pattern by sub- 
maze pattern) show differences that 
appear to be only of random character. 

Since there are no significant dif- 
ferences between groups in terms of 
total errors to the criterion, and since 
the primary results are the variation 
in form of the serial position error 


curve as a function of maze pattern, 
the lead of McCrary and Hunter 
(1953) was followed by converting 
the error data at each serial position 
to percentage of total error. The 
number of errors over all trials to 
the criterion was converted to per- 
centage of total error over all trials 
and all positions for each of the 16 
serial positions for each S. The 
group mean of the percentage scores 
for Ss of each experimental group was 


‘ computed for each serial position and 


the plot of these values is presented 
in Fig. 1 by the solid line curves. 
In order to increase the stability of 
the standard serial position error 
curve, data for the control group of 
Thompson, Voss, and Brogden (1957) 
were converted to percentages and 
combined with the data for the 
present control group. Analysis of 
variance of the data for the two 
control groups shows no significant 
differences between them. Compari- 
son of the serial position curve for 
all errors in the combined control 
group (Fig. 1) with the comparable 
serial position curves for the experi- 
mental groups shows substantial dif- 
ferences in the form of the curves. 
These differences are presented more 
clearly in the solid line curves in the 
left half of Fig. 2. The data for these 
curves were obtained by taking the 
difference in percentage of error for 
each S and the mean percentage 
error for the combined control group 
at each of the 16 serial positions and 
obtaining the mean of these differences 
for each of the five experimental 
groups. For each group there is an 
increase in error for the second posi- 
tion of the doublet. The difference 
data were subjected to an analysis 
of variance resulting in a significant 
interaction of serial position by maze 
pattern. This establishes significant 
differences in the form of the differ- 
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SERIAL POSITION 


Fic. 1. 


Serial position curves in terms of percentage of total errors and percentage 


of first errors as a function of doublet locus. 


ence curves between the five experi- 
mental groups. The differences in 
the form of the curve involve the 
effect of doublet location and other 
differences attributable to variation 
in maze pattern required for construc- 
tion of doublets at appropriate posi- 
tions for the different experimental 
groups. The results shown by these 
curves are comparable to the results 


of Thompson, Voss, and Brogden 
(1957) for doublet location and are 
not confounded by the split-doublet 
effect that occurred in the earlier 
study. 

Thompson, Voss,and Brogden (1957) 
demonstrated that frequency of first- 
order contingent response was re- 
duced for any given number if it 
was followed by the same number. 
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The magnitude of this effect was ber previously correct was 10). Anal- 
approximately the same for the num- _ ysis of first-order contingent responses 
bers 20, 30, and 40, but was sub- for Ss of the current study produced 
stantially less for the number 10 similar results. Serial position error 
(more responses of 10 when the num-_ curves based on the first errors per 
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Fic. 2. Curves of differences between serial position curves for experimental minus control 
groups for percentage of total and first errors (left side) and curves of the differences between 
these difference curves for each experimental group (right side). 
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trial should show the doublet effect 
and provide more information about 
the relation between the doublet 
effect and the tendency not to repeat 
a response previously correct. The 
totals of the first errors for each 
position for each S were converted to 
percentages of the total first errors 
over all serial positions. The mean 
of the percentage values for each 
serial position was obtained for each 
of the six separate groups, and the 
broken line curves of Fig. 1 are based 
upon these data. 

There is little difference in form 
of the serial position error curves 
based on all errors and first errors 
except for the five experimental 
groups at the position of the second 
item of the doublet. In the left half 
of Fig. 2 the broken line curves 
represent the difference between the 
first-error serial position curve of the 
experimental group and the first-error 
serial position error curve of the 
The curves 


combined control group. 
of the right half of Fig. 2 represent 
the difference between the two dif- 
ference curves shown in the left half 


of Fig. 2. The only differences sub- 
stantially greater than zero are those 
occurring at the second position of 
the doublet. Analyses of variance 
of the first-error difference data, and 
of the difference between the experi- 
mental and combined control group 
differences for all errors and for first 
errors show the interaction of serial 
position and maze pattern to be 
significant. The significant differ- 
ences between the dotted line curves 
of the left half of Fig. 2 (which exhibit 
no doublet effect) indicate that the 
maze patterns represented by the 
experimental groups may produce a 
different form of the serial position 
error curve at other loci than those 
for the doublet. The significant dif- 
ferences between the curves of the 
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right half of Fig. 2 apply only to the 
doublet effect and indicate that this 
effect is a direct function of doublet 
location for all-errors measure of the 
serial position error curves. 


The ¢ test was used to establish fiducial 
limits at the 1% level for mean differences 
between the percentage total error of experi- 
mental minus control (solid line curves, 
left half, Fig. 2), the percentage first error of 
experimental minus control (broken line 
curves, left half, Fig. 2), and the first of these 
minus the second of these differences (solid 
line curves, right half, Fig. 2). These limits 
are, respectively, +2.8, +2.8, and +2.2. 
The second item of the doublet exceeds the 
positive limit for Groups E3, Es, and Es; for 
the total-error measure, and for all groups 
for the difference between total and first 
errors. It is within .2 of equaling the positive 
limit for Groups E; and E2 for the total-error 
measure. In the case of the first item of the 
doublet, that for Group E, exceeds the nega- 
tive limit for both the total-error and first- 
error measures. There are other positions 
at which the various measures exceed the 
fiducial limits. These are as follows: for 
the total-error measure in Group E,, Positions 
6 and 7 (negative), and Position 11 (positive), 
and in Group E2, Position 8 (negative) and 
Position 14 (positive); for the first-error 
measure in Group Ey, Positions 11 and 14 
(positive), in Group E2, Positions 8 (nega- 
tive) and 14 (positive), and in both Groups 
E; and E,, Position 14 (positive). These 
differences may be a complex function of the 
change in pattern relative to the pattern 
of the control group required to locate the 
doublet at the desired positions. The differ- 
ences at Position 8 for Group E: are the only 
differences that occur at a position where 
the correct response is different from that 
of the control group. The only consistent 
relation is the increase in error at Position 14 
for the first-error measure for all groups 
except E;, in which group Position 14 is the 
first item of the doublet. 


The failure to find any doublet 
effect with the first-error data is 
inconsistent with the demonstrated 
tendency of Ss not to repeat a previ- 
ously correct response and with the 
hypothesis that the doublet effect 
is primarily a function of this kind 
of guessing behavior during the dis- 
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covery phase of acquisition of the 
maze. The doublet effect may be 
present in the first-error data during 
the discovery phase, but not show 
up in the data for all trials, either 
because of its small magnitude or 
because of a negative doublet effect 
after the discovery phase. To test 
this hypothesis the number of first 
errors for the first quarter and the last 
three-quarters of trials to the cri- 
terion was tabulated for each S for 
the doublet positions for the experi- 
mental groups. Similar data were 
tabulated for the control group at 
the serial positions for which doublets 
occurred in the experimental groups. 
The frequency of first error at the 
first doublet item was _ subtracted 
from that for the second item. From 
this difference was subtracted the 
mean difference for the appropriate 
serial positions for Ss of the com- 
bined control group. This mean over 
.7 for the 
first one-quarter of trials and —.5 
for the last three-quarters of the 
trials. The results of one-tailed ¢ 
tests show the mean difference for 
the first one-quarter of the trials 
to be significantly greater than zero 
and that for the last three-quarters 
of the trials to be significantly less 
than zero at the 1% level. 

The total errors for the first quarter 
and last three-quarters of the trials 
were treated in the same way as the 
first-error data. The group mean 
difference over all experimental groups 
was 4.9 for the first one-quarter and 
2.5 for the last three-quarters of 
trials. One-tailed ¢ tests show both 
means to be significantly greater than 
zero at the 1% level, and the mean 
of 4.9 to be significantly greater than 
the mean of 2.5. 

A further analysis of the doublet 
effect was attempted by constructing 
serial position curves from the trial 


all experimental groups is 


data. The number of trials to and 
including the last error for each posi- 
tion was tabulated for each S and was 
converted to percentage of trials to 
the criterion. Examination of curves 
for group means and for mean differ- 
ences between each experimental and 
control group shows them to be of 
similar form to the curves constructed 
from errors. There is no evidence 
of any doublet effect for Groups E, 
and Es, but for Groups Es, E;, and 
E, there is a decrease in the number 
of trials for the second item of the 
doublet. No further analyses were 
made of the trial data. 

Experiment II.—The trials, time, 
and error data of the four experi- 
mental groups and the combined 
control group (Exp. I) were sub- 
jected to analysis of variance. Since 
in each case the assumption of 
homogeneity of variance was not 
tenable, the 1% level was used to 
determine statistical significance for 
these and all subsequent analyses. 
There were no significant differences 
for the trial or time data. In the 
analysis of the error data, no source 
from the between-Ss variation was 
significant. For the within-Ss vari- 
ance, the significance of serial position 
establishes the reliability of the serial 
position error curves. Of the signifi- 
cant interactions, only that for serial 
position by maze pattern is meaning- 
ful. Graphic plots of the other signifi- 
cant interactions (serial position 
by submaze pattern, and serial posi- 
tion by maze pattern by submaze 
pattern) show differences that appear 
to be of random character only. 

Further treatment of these data 
follows that of the error data in Exp. 
I. Analyses of variance were com- 
pleted on percentage of total error, 
difference in percentage of total error 
between the experimental groups and 
the control group, percentage of first 
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error, and difference in percentage 
of first error between the experi- 
mental groups and the control group. 
The interaction of maze pattern and 
serial position was significant for each 
of these analyses. The differences 
produced in the form of the serial 
position error curve by the split- 
doublet are presented graphically in 
Fig. 3 and 4. The solid line curves 
represent total errors and the broken 
line curves represent first errors. 

Examination of these curves shows 
no effect of the split-doublet for 


Positions 2-4 (E;), an effect of in- 
crease in error at the final position 
of the split-doublet sequence for 
Groups Es, E;, and E,4, an increase 
in error for the second position of the 
split-doublet sequence for Groups E, 
and E,, and no differences in curve 
form between the total error and 
first error measures. In addition, 
there are substantial differences be- 
tween the experimental and control 
group serial position curves at posi- 
tions other than the locus of the 
split-doublet. 
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The ¢ test was used to establish fiducial 
limits at the 1% level for mean differences in 
percentage of total error between the experi- 
mental groups and the control group. The 
magnitude of positive difference in error (in 
favor of the experimental group) exceeds the 
fiducial limit for the third item of the split- 
doublet for Groups Es, E;, and E,, and for 
the second item for Groups E2, and Ey. The 
other positions at which the error differences 
exceed the fiducial limits are as follows: 
Group E,, Position 7 (negative) and Positions 
9, 14, and 15 (positive); Group Ez, Positions 
10, 11, and 13 (negative), and Positions 3, 
15, and 16 (positive); Group Es, Positions 
6, 13, and 16 (negative), and Positions 9 and 
14 (positive); Groups Ey, Positions 6, 7, and 
9 (negative), and Position 11 (positive). 
There are consistent relations between 
these differences and specific positions or 
other features of maze pattern. They may 
be a complex function of the change in the 
maze pattern required to locate the split- 
doublet at the desired positions in the patterns 
of the experimental groups. 


no 


Further analysis of the split-dou- 
blet effect involved examination of 


the first-order contingent responses 
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for the second and third split-doubiet 
positions on the first trial. The 
results of x? tests show a reduction 
in the frequency of response for a 
given number at the second position 
of the split-doublet sequence if it was 
the correct response for the first 
position. There are no differences” 
in frequency of response at the third 
position of the split-doublet sequence 
as a function of the correct response 
for the first position. These results 
are comparable to those of Thompson, 
Voss, and Brogden (1957) and con- 
firm their suggestion that the guessing 
habits of Ss during the discovery 
phase do not account for the split- 
doublet effect. of the 
first error data by quarters of trials 


Examination 


to the criterion shows that the split- 
doublet effect is present in the first 
the four 
declines in 


error data in each one of 


quarters of trials and 
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magnitude progressively from the 


first to the last quarter. 


DISCUSSION 


The results of the two experiments 
establish a doublet effect and a split- 
doublet effect that are independent of 
each other. The doublet effect occurs 
at all locations in the maze pattern 
where tests for it were made, and there 
appears to be no difference in its magni- 
tude as a function of the doublet locus. 
The split-doublet effect is differential 
in magnitude and in character as a 
function of its locus. The two phe- 
nomena are also different in that the 
doublet effect differs in the discovery 
and acquisition phases whereas the split- 
doublet effect does not. Both in the 
case of maze patterns involving doublets 
and split-doublets, there are other dif- 
ferences in form of the serial position 
error curves that may not be accounted 
for by the location of the doublet or 
split-doublet or by the interchanges 
necessary to their formation. 

The doublet effect is evident for total 
errors over all trials, and for total errors 
for the first quarter and for the last 
three-quarters of the trials. Its magni- 
tude is twice as great for the first quarter 
of trials as for the last three-quarters. 
The effect is not measurable by the first- 
error measure over all trials. 
last three-quarters of trials, the effect 
is reversed, showing up as a significant 
decrease in quantity of first-error at the 
second position of the doublet. A more 
precise determination of the relation 
between the magnitude of the doublet 
effect and stage of acquisition is not 
possible because of marked individual 
differences in the number of trials 
required to reach the criterion perform- 
ance. It is clear, however, that the 
occurrence of a doublet in a maze pattern 
has an initial inhibitory effect upon 
acquisition during the discovery phase 
and that this is a function of guessing 
habits of Ss, particularly the tendency 
not to repeat a response correct at the 
previous position. Once discovery is 
completed, the similarity of the items 


For the, 


of the doublet facilitate further learning 
of the second item of the doublet. The 
latter hypothesis is supported only by 
results for the first-error measures, 
although the serial position curves con- 
structed from the trial data support 
this in part by showing evidence of a 
decrease in trials for the second position 
of the doublet. 

The split-doublet effect does not occur 
when the locus is early in the maze 
pattern and its nature for other locations 
is not completely consistent. It does 
involve an increase in error at the third 
position of the split-doublet sequence, 
and possibly also an increase for the 
second position of smaller magnitude 
than for the third position. There is 
no evidence of a difference in curve form 
for total errors and first errors, for suc- 
cessive stages of acquisition, nor of a 
relation between the guessing habits 
of Ss and the split-doublet effect. 

The results of these experiments sug- 
gest that in serial learning, variables of 
pattern may facilitate acquisition for the 
positions of their location or may inhibit 
it. When the serial learning involves 
discovery, as in the case of verbal mazes, 
the variables of pattern may or may not 
interact with the guessing habits of Ss 
to provide either for facilitation or 
inhibition of acquisition. The location 
of the pattern variable in the sequence 
may be differential in producing an 
effect and on the magnitude of the effect. 
In the case of magnitude, the middle 
and late positions of the sequence may 
be more sensitive to the effect of pattern 
than are the early positions. 


SUMMARY 


Two experiments were designed to test 
the effect of location of a doublet (two suc- 
cessive identical responses) and a_ split- 
doublet (two identical responses separated 
by one different response) on the form of the 
serial position error curve from the acquisition 
of a 4-choice, 16-unit verbal maze. In both 
experiments, significant differences were ob- 
tained in the form of the curves between each 
experimental group and the control group, 
and between experimental groups. In the 
case of the doublet, for each of the five loca- 
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tions, the effect was an increase in total error 
at the second position of the doublet. The 
effect did not occur for the first error data 
over all trials, but when the data for the first 
quarter and last three-quarters of trials were 
analyzed separately, an inhibitory effect was 
found for the first quarter and a facilitative 
effect was found for the last three-quarters of 
trials. The inhibitory effect is demonstrated 
to be a function of the guessing tendencies 
of the Ss not to repeat a response previously 
correct during the discovery phase. The 
split-doublet produced an increase in error 
for the third position for three of the four 
locations, and in two of these there was also 
an increase in error at the second position 


of the split-doublet. No relation was found 


between the guessing tendencies of Ss and the 
split-doublet phenomena, nor were there any 
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differences in curve form between total errors 
and first errors or as a function of stage of 
acquisition. 
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RETROACTIVE INHIBITION OF CONNECTED 
DISCOURSE AS A FUNCTION OF 
PRACTICE LEVEL! 


NORMAN J. SLAMECKA 


University of Vermont 


Retroactive inhibition (RI) varies 
inversely as a function of the degree 
of practice on original learning (OL) 
(McGeoch, 1929; Briggs, 1957), and, 
up to intermediate levels of inter- 
polated learning (IL), directly as a 
function of the degree of practice on 
IL (McGeoch, 1932; Melton & Irwin, 
1940 ; Underwood, 1945). All of these 
studies used nonsense syllables or 
other unconnected materials. How- 
ever, there is doubt about the sus- 
ceptibility of connected discourse to 
RI, particularly when rote retention 
measures are used (McGeoch & 
McKinney: 1934a, 1934b). We have 


been unable to find any evidence in 


the published literature that ver- 
batim recall of prose is subject to 
significant RI. However, some pre- 
liminary work from this laboratory, 
using a group testing procedure, gave 
encouraging results (Slamecka, 1958), 
and the general importance of this 
problem warranted further investiga- 
tion. 

The present study was designed as 
a more precise test to determine 
whether varying degrees of practice 
would have the same effect upon the 
recall of connected discourse as they 
have upon unconnected materials. 
Specifically, it was hypothesized that 
the rote retention of a passage of 
prose is subject to RI, and that its 
recall is a direct function of amount 


1 This research was sponsored by National 
Science Foundation Grant G-6192. The 
author is indebted to Ernest N. Damianopou- 
los who assisted in the collection and analysis 
of the data. 


of practice in OL and an inverse 
function of amount of practice in IL. 


METHOD 


Subjects and materials —Thirty-six stu- 
dents in general psychology at the University 
of Vermont served as Ss as part of the re- 
quirements of the course. Each S served 
in four 40-min. sessions, the first being a 
practice period. Each session followed the 
RI paradigm, with OL, IL, and relearning 
of the OL passage by the method of serial 
anticipation. The materials were eight 20- 
word sentences, all taken from the same 
book source, modified slightly for length. 
Each word was exposed on the memory drum 
for 3 sec. Thus each trial took 60 sec., 
followed by a 6-sec. intertrial interval. The 
passages were grouped into four pairs, one 
of which was used for practice, and the others 
for the experiment proper. The first passage 
of each pair was for OL and the second for 
IL. The following three pairs of passages 
were used in the experiment proper: 

(a) We must postulate that from strictly 
semantic points of vantage, most confusions 
in communication revolve about inadequate 
stipulation of meaning. 

Communicators can exercise latitude in 
specifying meaning however they choose, 
provided that such definitions correspond 
somewhat closely to customary usage. 

(b) So habitual become our expectations 
about symbols invariably possessing refer- 
ents, that we tend unconsciously toward 
such assumptions concerning every word. 

When words are utilized ostensibly as 
symbols although lacking appropriate refer- 
ents, then perilous depths of semantic ignor- 
ance have been reached. 

(c) However in most instances, linguists 
are predominantly concerned about deter- 
mining the concrete denotations of discrete 
words functioning as proper names. 

Much evidence regarding the inference 
of authentic meanings which are not stipu- 
lated, is derived from context analysis with- 
in the passage. 
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TABLE 1 


MEANS AND SDs or Tota Correct ANTICIPATIONS PER S DURING 
OL anp IL AcQuISITION 


Mean S Mean 
OL Acquisition 


40.33 
40.17 


12.88 
8.69 


| 
| 
44.50 | 11.30 


IL Acquisition 


37.08 15.66 43.83 | 11.24 
109.25 20.22 | 114.75 26.10 


Design and procedure.—A mixed factorial trials. In every case, 30 sec. elapsed between 
design (Lindquist, 1953, Type II) was used. the end of OL and the start of IL, and 9.5 
One variable was the degree of OL practice min. elapsed between the completion of OL 
(2, 4, and 8 trials), and the other was the and the OL relearning. To fill the temporal 
degree of IL practice (0, 4, and 8 trials). gap for the control (IL-0) and IL-4 conditions, 
Of the nine possible combinations of these a “rest activity’’ of color guessing was used 
levels of both variables, each S was given in order to prevent rehearsal, while still 
three, in such a manner that he had all levels preserving the set to respond to stimuli 
of each variable but no repetitions of any on the drum. Then, four relearning trials 
level. The 36 Ss provided 12 replications on the original passage were given, followed 
of the nine-cell matrix. Conditions were by three trials on the interpolated passage. 
arranged so that the list pairs, sequence of Relearning of IL was done to motivate Ss 
sessions, and Ss, were each counterbalanced equally in the acquisition of OL and IL, 
with respect to the two main variables. thereby preventing laxness with respect to 

Each session began with two warm-up _ IL in later sessions. 
trials of color guessing. The colors appeared 
on the memory drum. Next, instructions RESULTS AND DISCUSSION 
for serial anticipation were given, followed ek 
by the appropriate number of OL and IL Acquisition data for OL and IL 

appear in Table 1, in terms of the 

TABLE 2 mean total correct anticipations per 

: S. The OL data were subject to 
analysis of variance after a logarith- 
mic transformation, and the results 
eee eee eee ee - appear in the left half of Table 2. 


Acquisiti Recall ; 
| | — ~“ It is clear that increasing the OL 
Source | df | 


ANALYSES OF VARIANCE OF OL 
ACQUISITION AND RECALL 


trials, at every level of IL, produced 
————— — eens i significant increase in the mean 
OL X IL (b) | 2 ita 20 correct anticipations. Means within 
iin te 16: Bs 114] 2.9% any IL level differed significantly 
I 


OL 562 “67* | 1°62: rt from the adjacent means and there 
fnoan” were no significant Fs within any OL 
= Met 1 level. Analysis of the IL acquisition 

*P < 01. data indicated that increasing the 
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IL practice significantly increased 
the degree of acquisition. A _ tend- 
ency toward positive transfer was 
evident in that the IL means increased 
with increasing OL trials. Since this 
worked in a direction counter to the 
hypothesized effects of the main 
variables, the significance of the 
recall analysis, to follow, can only 
tend toward conservatism. 

Table 3 shows the relearning of OL 
in terms of the mean total correct 
anticipations on each relearning trial. 
The recall data (first relearning trial) 
were analyzed after a log (1 + X) 
transformation, and the relevant find- 
ings appear in the right half of Table 
2. Both of the main variables were 
seen to be effective in determining 
recall. Within the levels used, recall 
as a function of OL practice approxi- 
mates a linear function. An extra- 
polation through the OL-0 point 
gave a value of about two correct 
anticipations. It would be expected 
that even with no practice on such 
passages, S could guess a few words 
correctly by virtue of previous famili- 
arity with the general language struc- 
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ture. Analyses within each OL level 
and within each IL level gave sig- 
nificant Fs. Regardless of the degree 
of OL practice, the control group 
(IL-0) always recalled significantly 
more than the experimental groups 
(IL-4, IL-8). Thus, significant RI 
was obtained. It should be noted 
that the direction of effects of amounts 
of OL and IL was always as predicted 
even though all specific comparisons 
were not significant. 

From the data of Table 3, relative 


RI | ( Ken werk) x 100] was Cal- 


Rest 
culated. The over-all RI was 43.0%. 
At IL-4 the relative RI for OL-2, 4, 
and 8, respectively, was 58.7%, 38.6%, 
and 24.3%. At IL-8 the values were 
76.0%, 44.1%, and 34.7%, respec- 
tively. Thus, relative RI decreased 
as a function of increasing OL and 
decreasing IL practice. 
The forgetting was rapidly dis- 
sipated within a few relearning trials. 


Table 3 shows that by the fourth 
relearning the differential effects of 


the interfering IL practice upon 
recall were largely dissipated, which 


TABLE 3 


MEANS AND SDs or OL RELEARNING TRIALS 








| 


2 OL Trials 


RL IL 


| 


4 OL Trials 8 OL Trials 





Trials Trials 


Mean 


8.67 
3.58 
2.08 


-— bc 
4 
8 








11.75 
10.16 
9.08 





14.75 
11.25 
11.83 





15.25 
13.16 
13.33 


oo, © oro! ofro 
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TABLE 4 


CLASSIFICATION OF ABSOLUTE NUMBER OF ERRORS AT RECALL 








IL-0 


Error Class 


IL-4 IL-8 





| OL2 OL 4 


Intralist 10 
Interlist 0 


Omissions 100 
Extraneous 24 =| 


is in accord with the usual findings 
based on unconnected materials. 

The types of errors that occur 
during recall are often scrutinized 
for hypotheses concerning the proc- 
cesses underlying RI. A tabulation 
of all responses classed as errors is 
presented in Table 4. There are 
four categories of errors: (a) omis- 
sions, i.e., nO response was made; (d) 
intralist intrusions, i.e., incorrectly 
placed words from the original pas- 
sage; (c) interlist intrusions, .e., 
words from the interpolated passage ; 
and (d) extraneous intrusions, i.e., 
words found in neither passage. The 
use of connected discourse makes it 
impossible to categorize all intrusions 
unequivocally. For instance, a re- 
sponse which is classed as an intralist 
error is still a word in S’s language, 
and may have really originated as an 
extraneous intrusion. In addition, 
since connected discourse is serial 
in nature, errors cannot be subject 
to the S-R intrusion analysis tradi- 
tionally done with the A-B, ‘A-C 
paired-associate paradigm. In spite 
of these inherent limitations the data 
appear to provide tentative hints 
regarding the distribution of response 
tendencies. 

The error data support two gen- 
eralizations. First, that the better 
the recall, the less likely is an error 
to be an omission. This is the tend- 
ency even when omissions are stated 
as percentages of all errors made. 





OL 2 | OL4 | OLs | 


141 


OL 4 OL 8 


12 
5 
15 


129 | 7: | 145 
| 


Thus, under conditions of maximum 
recall (OL-8 and IL-0), only 56% 
of the errors are omissions, whereas 
under conditions of minimum recall 
(OL-2 and IL-8), 81% of all errors 
are so classed. Considering the two 
variables singly, there is still a trend 
toward decrease in the percentage of 
omissions as OL increases, and also 
as IL decreases. If omissions are 
considered as covert errors, and all 
other errors are considered as overt 
errors, then the data suggest a shift 
in the covert-overt error ratio paral- 
leling changes in recall, reminiscent 
of the formulation of Thune and 
Underwood (1943). 

The second generalization concerns 
the appearance of interlist intrusions. 
The frequency of these errors has 
been used as the index to the degree 
of competition attributed to the 
interfering material. The data sug- 
gest that such intrusions (whether 
listed in absolute or percentage terms) 
are more frequent when OL and IL 
acquisition is about equal. In terms 
of the percentage ofjall overt errors 
accounted for by this category, higher 
values are found at the OL-8-IL-8 
(35%), and the OL-4-IL-4 (28%) 
levels, where the two lists are at 
about equal strength. Such a tend- 
ency has been reported for uncon- 
nected materials by Briggs (1957) 
and others. It appears to be con- 
sistent with a differentiation hypothe- 
sis (Gibson, 1941) whereby competing 
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responses of near equal strength are 
most likely to produce such intru- 
sions, as compared to response sys- 
tems more differentiated from each 
other by unequal amounts of practice. 

With respect to the two hypotheses 
tested in this study, the following 
conclusions are drawn. First, that 
the rote retention of connected dis- 
course has been shown to be subject 
to significant RI, and secondly, that 
such recall varies directly with degree 
of OL practice and inversely with 
degree of IL practice. These results 
serve to confirm the previous pre- 
liminary findings (Slamecka, 1958) 
and support the extension of gen- 
eralizations hitherto based on the 
serial learning of unconnected materi- 
als to the serial learning of connected 
discourse. 

SUMMARY 

In the RI paradigm, Ss learned passages 
of connected discourse by the anticipation 
method. Three levels of OL practice (2, 4, 


and 8 trials) and three levels of IL practice 


(0, 4, and 8 trials) were given, with appro- 
priate counterbalancing in a mixed design. 
Results indicated that (a) OL and IL ac- 
quisition was a function of number of practice 
trials, (b) recall of prose was subject to 
significant RI, (c) recall varied directly with 
OL practice and inversely with IL practice, 
and (d) recall errors suggested a shift in the 
covert-overt error ratio paralleling recall, 
and an increase in interlist intrusions at 
points of near equal acquisition of the two 
passages. It is concluded that findings 
regarding degree of learning and RI, based 
on unconnected materials, can now be gen- 
eralized to connected discourse. 
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INTERVAL AND PRETRANSFER TASK DIFFICULTY 


GEDIMINAS NAMIKAS AND E, JAMES ARCHER 
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In a recent pursuit-rotor study 
Lordahl and Archer (1958) examined 
the effects of transferring from one 
speed of rotation to a second speed 
of rotation. The Ss practiced track- 
ing a rotary-pursuit target at 40, 60, 
or 80 rpm on Day 1 and on Day 2 
all Ss practiced at 60 rpm. Sub- 
stantial negative transfer obtained 
when there was a change in target 
speed. 

The present study is concerned with 
the effect of variation of intertask 
interval upon this negative transfer. 
It was suggested in the Lordahl and 
Archer paper that, among other 
things, S learned a certain rhythm 
of responding. Conceivably the re- 
covery from or forgetting of this 
rhythm could vary as a function of 
time since practice. 


PROCEDURE 


Subjects—Women students from intro- 
ductory psychology courses at the University 
of Wisconsin, who volunteered for the experi- 
ment, were used as Ss. These Ss received 
extra credit toward their course grade for 
serving in the experiment. Ten Ss were 
assigned randomly to one of 12 conditions 
(N = 120). Four extra Ss were run and 
their data discarded due to failure of either 
the tracking or recording apparatus. All 
Ss were naive to the task and apparatus. 

Apparatus and task.—The Ss tracked a 
3-in. diameter, flush-mounted, brass target 
which was set 5 in. from the center of a pressed 
wood turntable. The turntable had a radius 
of 6in. The tracking surface was 35 in. from 
the floor. The S tracked the target with a 
hinged stylus which prevented S from pressing 
on the handle and holding the stylus on tar- 
get by force. The length of the stylus from 
the hinge to the point was 6 in. and the tip 
contained a steel ballbearing as illustrated 
in a previous study by Archer (1958). 


The speed of the turntable was adjustable 
from about 10 to 85 rpm and a stroboscopic 
attachment allowed E to adjust the speed 
to within .5 rpm of the desired speeds. Per- 
formance of S was recorded on the Tracking 
Time Analyzer (TTA) which has been 
described in a previous paper (Archer, 1958). 

Verbal signals of “Get set” and “Start” 
and “Stop” were given by E at the start 
and end of each trial respectively. The 
TTA and E were separated from S by a 
partial wall and S’s performance was not 
made known toher. The TTA was housed in 
a partially soundproof box, and a large noisy 
electric fan completed the masking of the 
clicking of its relays. The TTA was cali- 
brated twice a day—morning and afternoon— 
to correct for fluctuations in line voltage. 

Conditions.—All Ss were given 20 training 
and 20 transfer trials. The trials were 
30 sec. long with 60-sec. rest intervals inter- 
polated between each. The Ss trained for 
20 trials on either the 40, 60, or 80 rpm speed 
and then had a rest interval of 2, 4, 8, or 
16 min. All Ss then transferred to the 60- 
rpm speed for 20 trials. Thus a 3 X 4 fac- 
torial design with speed of rotation orthogonal 
to intertask interval was used. During the 
intertask interval E changed the speed of 
rotation in the case of the 40- and 80-rpm 
groups and pretended to do so for the 60-rpm 
group by first changing the speed of rotation 
and then returning to the same speed. The 
three groups will hereafter be designated 
40-60, 60-60, and 80-60. 

Instructions —All Ss were given general 
instructions about the best way to track the 
target and a demonstration of such tracking 
by EZ. They were told to stay on target as 
long as possible. The Ss were not told the 
number of trials they were going to have but 
the length of the trial and the rest interval 
were indicated. They were not informed 
about the longer rest interval, i.e., the inter- 
task interval, beforehand, but after the train- 
ing trials E told each S that the speed of 
rotation was going to be changed and that 
they were going to have a rest of a given 
duration. They were instructed to pick up 
the handle of the stylus on the signal ‘Get 
set’’ and then wait until the “Start” signal 
was given before starting to track the target. 
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During the intertrial and intertask intervals, 
after the signal ‘‘Stop,’’ Ss were told to place 
the tip of the stylus in the center of the turn- 
table and to sit down and look at magazines 
which were placed near by. 

The Ss were not told anything about the 
recording“apparatus. The answers to any 
questions, except those relating to the in- 
structions, were deferred until the end of the 
experimental session. Instructions were tape 
recorded and were therefore identical for 
all Ss. 


RESULTS 


The results are summarized in Fig. 
1. This figure shows the mean per- 
centage of time on target for all 
speed-interval combinations for both 
the training and transfer sessions. 

Training session.—An extended 
Alexander trend analysis of variance 
(Grant, 1957) was performed on the 
training data. The intertask interval 
classification was included as a dum- 
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my variable to test the adequacy 
of the random assignment procedure 
and the assumption of initially equal 
subgroups within each speed condi- 
tion. Since the test indicated that 
intertask interval was not an effective 
variable the assumption of equal sub- 
groups seemed tenable. 

The same analysis indicated that 
the speed of rotation was a highly 
effective variable. This agrees with 
the results of the Lordahl and Archer 
(1958) study. Time on target was 
found to be an inverse function of 
speed of rotation and the between- 
slopes and quadratics terms were 
highly significant (Fs = 221.63 and 
63.44, respectively ;P < .01 with 2 and 
108 df). The significant linear com- 
ponent indicates that performance in- 
creases differentially as a function of 
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TABLE 1 


A FREQUENCY DISTRIBUTION OF TIME CONTINUOUSLY ON TARGET IN THE FIRST 
Five TRIALS OF THE TRANSFER TASK 








Time Continuously On Target (In Sec.) 


Training | 





.00-.04 | .05-.09 


ee Wh, nae 
40 rpm | 2497 | 1525 
60 rpm | 2867 | 1849 
80 rpm seal | 1600 | 


Task | 


-10-.19 } .20-.29 


2173 | 854 
2852 | 1137 
1920 | 674 


30-. 39 | 40-.59 | .60-.79 | .80-.99 


792 


| 500 
| 449 


: ; 
1.00- | 1.20- 


‘| | 1.19 | 1.59 





449 14 8143 
692 33 | 10,575 
327 6 | 8116 


~ Note.—The data are the total numbers of hits within each of the duration cz categories, with N = 40 for each 


training—task condition. 


the speed of rotation, while the quad- 
ratic term shows a differential rate of 
increase in performance as a function 
of speed. 

Transfer sesston.—An_ extended 
Alexander trend analysis of variance 
was performed on the transfer data 
also. Speed of rotation, during the 
training task, seems to have been the 
only variable to affect the transfer 
performance. There were significant 
differences between the means, linear, 
and quadratic components for speed 
(F = 7.774, F = 13.473, P < .01; 
F = 3.550, P < .05 with 2 and 108 
df). 

Because the total range of variation 
of the independent variable of inter- 
task interval was relatively short 
(16 min.), it is conceivable that the 
influence of the intertask interval 
would be evident in only the first few 
trials on the transfer task. Accord- 
ingly, an Alexander trend analysis of 
variance was performed on the time- 
on-target data for the first five trans- 
fer trials only. Again, only the speed 
of the training task proved to have 
any significant effect. As in the 
analysis of the 20 transfer trials the 
between-group means, slopes, and 
quadratic components were found to 
be significant. 

An extended trend analysis of 
variance was performed on the first 
five trials after transfer on the data 
from just the 40-60 and the 80-60 


groups. No significant differences 
were found indicating that the above 
results were due to the differential 
performance of the 60-60 group as 
compared to the 40-60 and 80-60 
groups. 

Distribution of hits—In Table 1 
is presented the distribution of hits 
(frequency of times continuously on 
target) for the first five transfer trials. 
The numbers of hits for each duration 
were combined within each speed 
group without regard to the inter- 
task interval. The superior perform- 
ance of the 60-60 group is evident 
when the number of long-duration 
hits scored by this group is compared 
with the number scored by each of 
the other two groups (40-60 and 80— 
60). A chi square of 398.58 for 18 df 
(P < .001) was found for this table. 
These results are essentially the same 
as found by Lordahl and Archer 
(1958) and indicate that about the 
same transfer effects are found after 
an average of about 8 min. rest as 
compared to the 24-hr. interval stud- 
ied by Lordahl and Archer. In order 
to complete both training and trans- 
fer sessions within a reasonable experi- 
mental period both of the sessions 
in the present study were made some- 
what shorter than those in the Lordahl 
and Archer study. Therefore the 
magnitude of negative transfer after 
8 min. and 24 hr. is not directly 
comparable. 
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DISCUSSION 


Speed of rotation—The results sub- 
stantiate the previous findings that 
variation in task difficulty, in terms of 
speed of rotation, has a very marked 
effect upon performance on both the 
training task and the transfer task. 

In training, performance is found to 
vary inversely with the speed of rota- 
tion, i.e., better performance is found 
with slower speeds. The training condi- 
tion was also found to have a very 
significant effect upon transfer perform- 
ance. A major effect is due to a change 
in tracking speed. Since even in the 
first five trials after transfer, where the 
differences seemed to be greatest, there 
were no significant differences between 
the 40-60 and 80-60 groups, the above 
differences must have been due entirely 
to the better performance of the 60—60 
group. 

As suggested in the Lordahl and 
Archer study (1958) a possible hypothe- 
sis to explain these findings is that S 
learns a given set of motor components 
for performing a particular task. It 


is probable that a task of a given degree 
of difficulty emphasizes a particular set 
of components, which are acquired by 
S. With a change in difficulty, both 
training and transfer performance would 


be affected. For instance, an S in the 
40-rpm group would probably learn a 
set of smooth, fairly slow, circular mo- 
tions. These would tend to produce 
long duration hits and large time-on- 
target scores if he ever got on target. 
This S could be compared with one 
training in an 80-rpm condition. In this 
case a rapid jerky motion emphasizing 
quick adjustment to being off target 
would be acquired. Such a condition 
should produce a greater number of hits 
but most of them of short duration and 
probably with a smaller time on target 
score. On transferring to an_ inter- 
mediate difficulty condition, both of 
these Ss would be under a handicap 
until they adjusted their performance 
to emphasize a particular combination 
of components most appropriate to this 
new condition. The rapidity of this 
adjustment would probably vary with 
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the perceived similarity of the two tasks 
and the ability of S to realize the 
inappropriateness or inefficiency of his 
response. 

Intertask interval—Although S may 
learn the above hypothesized component 
skills appropriate to the training task 
difficulty, the performance of these 
component skills does not seem to vary 
differentially over a period of 16 min. 
In fact, the amount of negative transfer 
for any one group does not appear to 
vary as a function of these relatively 
short intertask intervals. Results indi- 
cate that the particular lengths of inter- 
task intervals used in this study were 
completely ineffective in producing con- 
comitant variations in performance. 


SUMMARY 


The effects of three conditions of task 
difficulty were investigated on training and 
transfer performance on a _ rotary-pursuit 
task. The transfer was to the intermediate 
condition of difficulty used -in training. 
The difficulty was varied by varying the 
speed of rotation in a rotary-pursuit task. 
Three speeds (40, 60, and 80 rpm) were used 
in training. All Ss switched to 60 rpm in the 
transfer task. 

Performance on transferring was also 
investigated as a function of the length of 
intertask interval. Four intertask intervals 
were used (2, 4, 8, and 16 mim). 

The main findings were: (a) task difficulty 
(speed of rotation) was a very effective vari- 
able in both training and transfer perform- 
ance, (b) performance was inversely related 
to task difficulty under training conditions, 
(c) transferring to the same speed gave the 
best performance, and (d) intertask interval 
did not affect transfer performance. 
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The paradoxical distance effect 
(PDE) reported by Kohler and Wal- 
lach (1944) refers to the fact that 
test figures exposed in the vicinity 
of satiated or adapted visual areas 
suffer greater displacement the greater 
their distance, within limits, 
the originally fixated This 
finding is paradoxical because it 
appears to be in conflict not only with 
the almost universal physical law 
according to which effects diminish 
with distance from their source, but 
also with such basic psychological 
phenomena as lightness contrast and 
anchor effects where the rule is that 
stimuli near backgrounds or anchors 
suffer greater displacement than do 
stimuli farther away. While the 
theory of electronic currents advanced 
by K6hler and Wallach for figural 
aftereffects presumably accounts for 
PDE, it nevertheless leaves this inter- 
esting and important phenomenon in a 
class by itself. On the one hand it 
is reasonable to assume that lightness 
contrast and PDE are related since 
both result from interaction of retinal 
and/or central visual areas, and on 
the other it is not unreasonable to 
assume that phenomena in other 
sense modalities which are either 
materially or formally similar to PDE 
may be explicable in terms of a model 
which is independent of sense modal- 
ity and which also accounts for back- 


from 
figure. 


While 
anchors on 
sets of weights at various distances 
from the anchoring stimuli, two types 
of shifts in judgments were found, 
one of which is analogous to classical 
the other to 
This study is concerned with 


and anchor effects. 


investigating effects of 


ground 


effects and 


contrast 
PDE. 


these results and the possibility of 


dealing with them by means of a 


single theoretical model. 


METHOD 


Stimuli and procedure.—The stimuli con- 
sisted of 4-oz. medicine bottles filled with 
sand or mercury to make seven sets of weights 
as follows: Set I: 100, 150, 200, 250, and 300 
gm.; Set II: 150, 200, 250, 300, and 350 gm.; 
Set III: 200, 250, 300, 350, and 400 gm.; 
Set IV: 250, 300, 350, 400, and 450 gm.; 
Set V: 300, 350, 400, 450, and 500 gm.; 
Set VI: 350, 400, 450, 500, 550 gm.; Set VII: 
400, 450, 500, 550, and 600 gm. The sets 
of stimuli were presented either in ascending 
order, beginning with Set I and ending with 
Set VII, or in descending order, beginning 
with Set VII and ending with Set I. The 
weights in each set were judged in random 
order, and after five presentations the next 
set was judged without any break. To 
minimize interset effects, a control procedure 
was employed in which Ss judged Set VII 
immediately after Set I or Set I immediately 
after Set VII. Furthermore, the weights 
were first judged singly and one week or two 
weeks later were judged by all Ss following 
either a 90-gm. or a 900-gm. background 
stimulus. Counting the two orders of 
presentation (ascending and descending), 
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TABLE 1 


JUDGMENTS OF SEVEN SETS OF WEIGHTS IN ASCENDING AND DESCENDING ORDERS 
BY METHOD OF SINGLE STIMULI (S.S.) AND FOLLOWING A 900-Gm. Back- 
GROUND STIMULUS (B.S.) SHOWING DIFFERENTIAL EFFECTS OF THE 
BACKGROUND ON STIMULI WITHIN SETS (CONTRAST) AND 
BETWEEN SETS (PARADOXICAL DISTANCE EFFECT) 








Ascending Series Order 








400 600 = Total 











—31 





—35 


64 a 
38 
—26 —28 


62 . 























Descending Series Order 








44 
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TABLE 2 


JUDGMENTS OF SEVEN SETS OF WEIGHTS IN ASCENDING AND DESCENDING ORDERS 
BY METHOD OF SINGLE STIMULI (S.S.) AND FOLLOWING A 90-Gm. BACK- 
GROUND STIMULUs (B.S.) SHowING DIFFERENTIAL EFFECTS OF THE 
ANCHOR ON STIMULI WITHIN SETS (CONTRAST) AND BETWEEN 
SETs (PARADOXICAL DisTANCE EFFECT) 








Ascending Series Order 





Stimuli: 150 200 250 300 400 450 500 550 600 Total 





S.S. : 

90 B.S.: 

Diff. : 
SS.: 
90 B.S.: 

Diff. : 

S.S.: § 68 
90 B.S.: 2 78 
Diff. : +16 +14 +10 














SS.: = 48 60 
90 B.S.: 67. «72 
+19 +12 




















+9 


Descending Series Order 





5S. : 39 50 61 
90 B.S.: 69 77 83 
+19 +16 +6 +73 


57 70 
79 80 











_ 
90 B.S.: 
Diff. : 
hE 
90 B.S.: 
Diff. : 
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TABLE 3 


SHIFTS IN ADAPTATION-LEVEL IN DIRECTION OF BACKGROUND STIMULI WITH 
GREATER MOVEMENT IN SETS FARTHER FROM VALUE OF BACKGROUND 
AS ANALOGUE OF PDE (ASCENDING ORDER) 





| 
Stimulus | --—— 
Sets - 
Sets Single 


Stimuli Background | 


165 317 
202 357 
227 
257 
301 
332 


+152** || 155 





Adaptation-Level 





90-Gm. | 
Background | 


Single 
Stimuli 


159 
137 
144 
173 
119 
228 





*P < .0S. 
oP < il. 


the two background stimuli, and the two 
modes of transition from lightest (heaviest) 
to heaviest (lightest) sets of stimuli (gradual 
and abrupt), it is seen that there were eight 
different conditions of judging. Different 
groups of 5 Ss each judged under each of the 
eight conditions, thus making a total of 40 
Ss who served in this experiment. 
Instructions —The Ss were instructed as 
follows: ‘‘You will be presented with weights 
in succession. After lifting each weight you 
are to give a judgment by calling it very, 
very heavy; very heavy; heavy; medium 
heavy, medium, medium light; light; very 
light; or very, very light. If you need other 





categories such as extremely heavy or ex- 
tremely light or terrifically light or terrifically 
heavy, you may use them. Be sure to judge 
each weight as it is and not as you think it 
should be.”” When the background weights 
were introduced, Ss were instructed to judge 
the second weight by itself, not as a com- 
parison with the first weight. To acquaint 
Ss with stimuli and with the category scale, 
two practice rounds were given with the set 
of weights first presented. 

Treatment of data.—The judgments given 
by Ss in terms of the rating scale were trans- 
lated into numbers ranging from 10 for very, 
very light to 90 for very, very heavy in steps 


TABLE 4 


SHIFTS IN ADAPTATION-LEVEL IN DIRECTION OF BACKGROUND STIMULI WITH 
GREATER MOVEMENT IN SETS FARTHER FROM VALUE OF BACKGROUND 
AS ANALOGUE OF PDE (DESCENDING ORDER) 


Adaptation-Level 


Stimulus 


Sets 


900-Gm. 
Background 


Single 
Stimuli 








400-600 419 452 
350-550 384 458 
300-500 356 460 
250-450 
200-400 
150-350 
100-300 











Adaptation-Level 


Single 
Stimuli 


90-Gm. 
Background 


294 
261 
268 
267 
244 
226 
215 
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of 10, with 50 for the medium category. 
In a very few cases some Ss employed cate- 
gories more extreme than very, very light 
and very, very heavy, and these were as- 
signed numerical ratings in accordance with 
their judged distance from the center of the 
rating scale. Values of adaptation-level as 
well as judgments of the stimuli expected 
according to theory were found from least 
squares fits to an equation formulated by 
Helson (1948) and also Helson and Himelstein 
(1955). The original ratings of the stimuli 
(in numerical terms), rather than theoretical 
values, are given in Tables 1 and 2, but the 
values of adaptation-level in Tables 3 and 4 
are the fitted values. The influence of back- 
ground (satiating) stimuli on judgments of the 
series stimuli appears in the differences be- 
tween judgments of the stimuli presented 
singly and judgments following the back- 
ground stimuli and also in the differences 
between the adaptation-levels for the sets of 
stimuli as judged in the two conditions. While 
the background effect is contaminated by 
carry-over effects from set to set, interset 
effects are also present when the stimuli are 
judged singly, and since the latter judgments 
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serve as the norms by which shifts in judgment 
gauged when anchors are introduced, 
interset influences may be regarded as com- 
mon to both conditions in the comparison. 
The abrupt transitions from first to last sets 
and from last to first sets minimize interset 
effects and furnish a check on the results with 
continuous transitions from set to set. 


are 


RESULTS 


Two types of displacement.—The 
data presented in Fig. 1 and 2 and in 
Tables 1 and 2 reveal two distinct 
effects on judgments of series stimuli 
following introduction of the back- 
ground stimuli. The first effect is the 
usual contrast effect in which stimuli 
nearer background suffer greater 
displacement than do stimuli farther 
from background. Thus the plots 
in Fig. 1 show that the heavier 
stimuli in both the heaviest and 
lightest sets of stimuli are displaced 
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stimulus. 


Shifts in judgments of series stimuli following introduction of heavy background 
The vectors represent direction and amount of shift and they reveal two types of 


displacements: (a) stimuli nearer background stimulus are displaced more than are stimuli 
farther from background (classical contrast and repulsion effect); (b) over-all displacements 
are greater in sets of stimuli farther from background stimulus (PDE). 
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Shifts in judgments of series stimuli following introduction of light background 
Here the shifts are opposite in direction to those found with heavy background but 


the two types of displacements are nevertheless present. 


more with the 900-gm. background 


than are the lighter stimuli; the 
plots in Fig. 2 show that the lighter 
stimuli within both the lightest and 
heaviest sets of stimuli are displaced 
more with the 90-gm. background 
than are the heavier stimuli. The 
data in Tables 1 and 2 bear out this 
generalization for all seven sets of 
stimuli with only one or two excep- 
tions. Considering the number of 
Ss and the variety of stimuli, the 
data are remarkably consistent in 
showing displacements similar to clas- 
sical contrast effects. 

The second type of shift in judg- 
ment appears when one compares 
the results of sets with sets either by 
reference to the total differences 
between judgments by method of 
single stimuli and with anchor stimuli 
(Tables 1 and 2), or by reference to 
the adaptation-levels in the two 


methods of judging (Tables 3 and 4). 
The data in Tables 1 and 2 show that 
the farther away any given set is from 
the background stimuli the greater 
is the total shift in judgments of series 
stimuli due to introduction of anchors. 
This effect is exactly analogous to the 
K6hler-Wallach PDE. Reference to 
Table 1 shows that the total shift in 
judgment with the 900-gm._ back- 
ground stimulus is, in general, greater 
with the lighter sets of stimuli than 
with the heavier sets of stimuli in 
both the ascending and descending 
orders while the data in Table 2 show 
the opposite occurs with the 90-gm. 
background stimulus: here the total 
changes in judgment are greater with 
the heavier sets of stimuli than with 
the lighter sets. 

The changes in judgments of the 
series stimuli due to the two anchors 
or backgrounds reflect differences in 
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the adaptation-levels as seen from 
Tables 3and 4. Thus the adaptation- 
level for the 100—300-gm. set changes 
from 165 gm. to 317 gm. when the 
900-gm. anchor is introduced, a change 
of 152 gm., while the adaptation- 
level for the 400—600-gm. set changes 
from 361 to 409 gm. with the 900-gm. 
anchor, a change of only 48 gm. On 
the other hand the introduction of 
the 90-gm. anchor results in a change 
of only 26 gm. in the 100—300-gm. 
set but results in a change of 84 gm. 
in the 400-600-gm. set. The dis- 
placements of the neutral levels are 
not only greater, with sets farther 
from the background stimuli, they 
are, on the whole, also more signi- 
ficant statistically as shown by the 
P values associated with the differ- 
ences between adaptation-levels for 
each of the sets of stimuli. The 


displacements analogous to PDE are 
also found in the abrupt transition 


from lightest (heaviest) to heaviest 
(lightest) sets of stimuli where inter- 
set effects are minimal so they cannot 
be attributed to prior stimulation. 


DISCUSSION 


In the experiments reported here, two 
effects have been found: classical con- 
trast effects and PDE, the former ap- 
pearing when judgments of stimuli 
within sets are compared, the latter 
when judgments from set to set are 
compared. While the effects found here 
concern changes in felt weight as a result 
of introducing anchors much heavier 
or much lighter than the series weights, 
they are otherwise comparable to visual 
color and spatial contrasts and to PDE 
found in the spatial displacements of 
vision. Tactile-kinesthetic phenomena 
have been recognized by many writers, 
among them Gibson (1933), Kéhler and 
Dinnerstein (1947), and Wertheimer and 
Leventhal (1958), as falling under the 
domain of satiation phenomena. Jaffe 
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(1954) has demonstrated that visual ex- 
tent may influence perceived tactile ex- 
tent. The visual analogues to our find- 
ings are as follows: dark stimuli are 
lightened relatively more than are light 
stimuli on dark ground and light stimuli 
are darkened more than are dark stimuli 
on light ground (classical contrast), but 
all stimuli are lightened more on dark 
ground than they are on light ground 
while all stimuli are darkened more on 
light ground than they are on dark 
ground (PDE). Better still, if sets of 
grays are viewed on a dark gray ground 
and on a light gray ground simultane- 
ously, it will be seen that the lighter 
grays on dark ground cannot be matched 
by any grays on light ground and the 
darker grays on light ground cannot 
be matched by any grays on the dark 
ground. Hence classical lightness con- 
trast and a lightness PDE can both be 
observed if sets of gray stimuli are 
viewed on dark and light backgrounds 
simultaneously. 

PDE depends on carry-over of a 
previous state of adaptation into the 
present. The old and new adaptation- 
levels form a new, intermediate level 
against which both old and new stimuli 
are judged. K6ohler enunciated what is 
essentially our point of view when he 
said: “If there are currents which go 
with I-objects, there must also be cur- 
rents corresponding to T-objects. .. . 
To a degree, we can tell how the ob- 
structions established by the currents 
of given I-objects must distort the 
currents of T-objects’” (1951, p. 212). 
In other words, as soon as the test figure 
appears, the satiated or adapted region 
must shift in the direction of the test 
figure and thus a new reference region 
is established somewhere between the 
region previously stimulated and the 
newly stimulated region. It immedi- 
ately follows that test stimuli farther 
from the originally satiated region will 
be displaced more than nearer stimuli 
provided there is interaction between 
the old and new levels. 

If this analysis, which covers both 
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classical contrast effects and PDE, is 
correct, then the adaptation-levels re- 
sulting from interaction of series and 
backgrofnd stimuli should be displaced 
more the more the anchor stimuli differ 
from the mean of the series stimuli. 
This deduction follows from the defini- 
tion of adaptation-level as a weighted 
geometric mean of series, background, 
and residual stimuli (Helson: 1947, 
1948). It is immediately apparent that 
averaging 900 gm. with the 100—300-gm. 
series raises the level of this series more 
than averaging 900 gm. with the 400—600 
series raises its level; conversely, the 
level of the 400—600-gm. series is lowered 
more than is the level of the 100—300- 
gm. series by averaging with the 90-gm. 
background stimulus. The values of 
adaptation-level calculated from the 
data of this study agree with predictions 
from the weighted mean definition of 
level regarding both direction and extent 
of change arising from introduction 
of background stimuli. A single theory 
therefore appears to be adequate to 
account for anchor or background and 
associated ‘‘contrast’’ effects as well 
as for the spatial displacements found 
in figural aftereffects. 

There is, however, one respect in 
which we must limit the operation of 
the weighted mean definition of level. 
This definition applies only to the extent 
that there is interaction among stimuli 
and residual effects of stimulation and 
if interaction effects grow weaker, say 
with distance or some other factor, 
then account must be taken of this fact. 
Thus PDE is found only within certain 
limits, for if the test figure is too far 
from the region of previous stimulation 
there is no interaction and figural after- 
effects may be diminished or even absent. 
A formula defining spatial levels would 
therefore require a distance function 
which would have to be determined for 
specific conditions of observation. A 
number of possibilities immediately pre- 
sent themselves and could be worked out 


within the general framework of the 


theory proposed here. 


HARRY HELSON AND MYRTLE C. NASH 


SUMMARY 


Eight groups of five Ss each judged seven 
sets of weights first by method of single 
stimuli and second after intervals of one or 
two weeks following either a very light or 
very heavy background or anchor stimulus. 
Two types of shifts in judgment due to intro- 
duction of the anchor stimuli were found: 
(a) within each of the sets, stimuli nearer 
the background stimuli were affected more 
than were stimuli farther from the back- 
ground, an effect analogous to classical ‘ight- 
ness contrast and the usual repulsion effects 
of anchor stimuli; (6) over-all shifts in judg- 
ment from set to set were greater in sets 
farther from than in sets nearer the back- 
ground stimuli, an effect analogous to the 
paradoxical distance effect found in satiation 
experiments. It is shown that both classical 
contrast effects and paradoxical distance 
effects may be accounted for in terms of the 
adaptation-levels arising from interactions 
between series and background stimuli and 
between residuals from previous stimulation 
and present stimulation. Both the weighted 
mean definition of adaptation-level and the 
values of adaptation-level derived from the 
data of this experiment agree in predicting 
the direction and amounts of shift of judg- 
ment due to introduction of background 
stimuli. A single model would therefore 
seem to be applicable to classical contrast 
effects, repulsion effects 
paradoxical distance effects. 


of anchors, and 
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ELIMINATING A CONDITIONED GSR BY THE 
REDUCTION OF EXPERIMENTAL ANXIETY 


ROBERT E 


SILVERMAN 


New York University 


The GSR is especially sensitive to 
aversive motivational events. Ex- 
perimental anxiety situations, in which 
aversive stimuli are presented, cause 
ordinarily neutral stimuli to elicit 
strong GSRs. This effect is generally 
termed sensitization or pseudocondi- 
tioning, because it does not depend 
upon the systematic pairing of a 
neutral stimulus with an aversive 
stimulus, as is the case in condition- 
ing. Not only the direct presenta- 
tion of aversive stimuli can produce 
sensitization, but also the induction 
of experimental anxiety by the threat 
of aversive events can do so. For 
example, Mowrer (1938) has shown 
that a neutral stimulus elicited GSRs 
when Ss were fitted with electrodes, 
but that the same stimulus did not 
elicit GSRs when the electrodes were 
absent. 

Since a sensitized response depends 
upon the presence or the threat of 
aversive stimuli, we would expect 
instructions which remove the threat 
to affect a sensitized GSR in much 
the same way as Mowrer’s removal 
of the electrodes. However, a condi- 
tioned GSR might behave differently 
because conditioning is dependent, 
in part, upon the frequent pairings 
of the neutral and aversive stimulus. 
As a result of these pairings, the 
neutral or conditioned stimulus (CS) 
evokes a response which for a time 
is not dependent upon the presence 
of the aversive or unconditioned 
stimulus (UCS). The CS appears 
to act as a substitute for the UCS. 
If this is the case, then instructions 
about the absence of the UCS should 


be less effective with a conditioned 
response than they are with a sensi- 
tized response which depends upon 
the original UCS. 

The purpose of the present study 
was to compare the effects of anxiety- 
lessening instructions on a_ condi- 
tioned and on a sensitized GSR. 
Anxiety-lessening instructions are de- 
fined as instructions which terminate 
the threat of aversive stimuli under 
the control of E. The results of two 
earlier studies indicated that a condi- 
tioned GSR (Cook & Harris, 1937) 
and a conditioned heart rate response 
(Notterman, Schoenfeld, & Bersh, 
1952) can be influenced by instruc- 
tions. However, in both of these 
studies the absence of a _ pseudo- 
conditioning control group and the 
relatively long interstimulus intervals 
used make it uncertain whether 
the instructions were affecting a 
conditioned response or a sensitized 
response. 

In order to determine whether 
anxiety-lessening instructions can af- 
fect a conditioned GSR as well as a 
sensitized GSR, three acquisition pro- 
cedures were used to increase the 
probability of a GSR to a given CS. 
One group of Ss was conditioned 
according to the classical Pavlovian 
paradigm with a CS-UCS interval 
of .5 sec. A second group was con- 
ditioned with a 6-sec. CS-UCS inter- 
val. This interval is considerably 
greater than the established inter- 
vals for classical autonomic condi- 


tioning, yet it is the interval used 


by some investigators to establish 
a heart rate CR (Notterman et al., 
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1952; Zeaman & Wegner, 1954). A 
third group was a pseudoconditioning 
or sensitization group. For Ss in 
this group, the CS and UCS were not 
paired; the UCS was presented ran- 
domly during the intertrial interval, 
never following the CS by less than 
30 sec. nor preceding the CS by less 
than 10 sec. 


METHOD 


Subjects—The Ss were 60 male under- 
graduate students from the University College 
of Arts and Science and the College of Engi- 
neering of New York University. 

A pparatus.—The CS was a 750-cps, 2-sec. 
tone delivered through earphones at ap- 
proximately 20 db. The tones were on tape 
and the presentation of the tones served to 
program the intertrial intervals. A sound 
relay and two Hunter timers were used to 
control the interstimulus intervals and the 
duration of the CS and UCS. The UCS 
was a 6-sec. tetanizing shock to S’s left arm 
biceps. 

The apparatus for measuring GSR was 
a modification of the unit described by 
Schlosberg (1954). It consisted of a 50- 
microampere meter in series with two quarter- 
sized silver-silver chloride-saline paste elec- 
trodes. The circuit was run by a single 
1.5-v. flashlight cell which, with the aid of a 
potential divider and a calibrated resistor, 
permitted absolute conductance and GSR 
in terms of change in conductance to be read 
directly. In order to insure consistent elec- 
trode placement for each S and to maintain 
optimal contact during the experimental 
session, the electrodes were seated in rubber 
suction cups which in turn were seated in 
4-in.-square wooden blocks. The whole 
unit was attached to S’s palms by means 
of 4-in. elastics. 

The Ss were seated in a totally darkened 
booth; an exhaust fan maintained air circu- 
lation and served as a masking noise. The 
E and the apparatus were in an adjoining 
booth. 

Procedure——The Ss were assigned ran- 
domly to the experimental conditions. All 
Ss, within each condition, were given an 
adaptation series consisting of 15 presenta- 
tions of the CS. Just before beginning the 
adaptation series S was given the following 
instructions : 

“This is an experiment to determine your 
reactions to tone and to electric shock. You 
will hear a series of tones through this headset 
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which will soon be placed over your ears. 
A little later in the experiment, you will 
receive a series of electric shocks administered 
to your left arm; you will not be shocked 
through the electrodes I am now placing 
on your palms. The shocks you will receive 
will be strong enough for you to feel them, 
but will not be strong enough to do you any 
harm. Remember that they will just pass 
through your arm and not your body. Please 
try not to make any unnecessary movements. 
The apparatus is necessarily very sensitive, 
and your moving around too much would 
interfere with the recording.” 

The adaptation series was followed by 
the acquisition series consisting of 10 CS-UCS 
pairings. The interval between the CS and 
UCS depended upon the condition to which 
S was assigned. Three interstimulus inter- 
vals were used: a .5-sec. interval, a 6-sec. 
interval, and a random interval. In the 
latter condition the CS and UCS were never 
paired in that the CS was presented randomly 
at some point within the interval beginning 
30 sec. after the UCS and ending 10 sec. 
before the next CS. 

Following the acquisition series, half of 
the Ss in each interstimulus condition were 
given the following instructions: “From now 
on you will not be shocked, so simply relax.”’ 
These instructions were given by E who 
entered S’s booth. The remaining 10 Ss 
in each of the conditions were given no in- 
structions. All Ss were given 15 extinction 
trials. The intertrial intervals for the adap- 
tation, acquisition, and extinction series were 
programmed on tape and were the same for 
all Ss. The intervals ranged from 50 to 
75 sec. 


RESULTS AND DISCUSSION 


The results were tabulated in terms 
of the mean GSR per S for each 


condition. These means were trans- 
formed into logarithms to reduce the 
marked heterogeneity of variance 
found in the raw data, and then 
means for each group were obtained. 
Table 1 shows the means and SDs of 
the transformed data for adaptation, 
acquisition, and extinction. An anal- 
vsis of variance of the adaptation 
data indicated no significant differ- 
ences among the groups, thus justi- 
fying the assumption that there were 
no systematic differences in response 
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TABLE 1 


MEANS AND SDs OF THE 


TRANSFORMED GSRs FoR ADAPTATION, ACQUISITION, 


AND EXTINCTION 





Adaptation 


Extinction 


Acquisition | 





Extinction 


Conditions Training Conditions 


5 Sec. | 6 Sec. 


Noninstructed 





Mean | 1.65 
SD 18 
Mean | 1.80 
SD 17 


1.79 
17 
1.83 
14 


Instructed 





25 














| Training Conditions 


Training Conditions 





2.49 | 1.88 
09 | .21 


1.84 
19 
94 
22 


“163 | 2.08 
17 | 14 














to the CS prior to the experimental 
treatments. 

Table 2 presents the analysis of 
variance for the acquisition series. 
There were no significant differences 
during acquisition between the groups 
assigned to the different instruction 
conditions, since the instructions were 
not given until the extinction series. 
The differences among the _ three 
CS-UCS intervals during acquisition 
were significant. These differences 
were between the .5-sec. interval and 
the control, and between the 6-sec. 
interval and the control. The .5-sec. 
and the 6-sec. groups did not differ. 
Paired ¢ tests indicated that the 
acquisition GSRs of both the .5- and 
6-sec. groups were significantly dif- 
ferent from the adaptation GSRs 
(.01 level). 

An examination of Table 1 re- 
veals that the increase in GSR am- 
plitude in the 6-sec. group was short- 


TABLE 2 


ANALYSIS OF VARIANCE OF THE 
neyo ISITION DATA 





Source 


Instructions 576.60 | .16 
CS-UCS Interval 30,379.65 | 8.43* 
Interval X Instructions A 19 
Within cells (error) 

Total 





* Significant at .01 level. 


lived in contrast to the increased 
GSRs found in the .5-sec. group. 
The mean of the uninstructed 6-sec. 
group falls back to the adaptation 
level during extinction, whereas the 
mean of the .5-sec. uninstructed 
group remains significantly higher 
than the adaptation mean (.01 level). 
This suggests that the .5-sec. group 
is conditioned, while the 6-sec. group 
is either weakly conditioned or merely 
sensitized to the impending shocks. 
The pseudoconditioning control group 
shows no reliable change in the mean 
GSR as a function of the acquisition 
procedures. 

In order to control for the effects 
of the acquisition variables in ana- 
lyzing the extinction data, the extinc- 
tion means were adjusted in terms 
of the acquisition means and an 
analysis of covariance was performed. 
The analysis of covariance for the 
extinction series is presented in Table 
3, where it can be seen that the in- 
structions significantly affected the 
GSRs. The interaction calls atten- 
tion to the fact that the instructions 
effect was not the same for each of 
the acquisition CS-UCS intervals. 
The .5-sec. group was markedly af- 
fected by the instructions, as was the 
control group. In both cases the 
GSRs were significantly reduced in 
amplitude (.01 level). However, the 
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TABLE 3 


ANALYSIS OF COVARIANCE OF 
EXTINCTION DATA 


THI 


Source 
Instructions 
CS-UCS Interval 
Interval X Instructions 
Within cells (error) 
Total 


* Significant at the .01 level. 


6-sec. group did not appear to be so 
affected by the instructions. This 
latter finding is difficult to explain, 
in view of the fact that the control 
group responded to the instructions 
with diminished GSRs. 


One possible interpretation is that 
for the .5-sec. and control groups, the 
instructions that no further shocks will 


be given tends to cancel the initial 


anxiety-arousing instructions given to 
all Ss at the outset of the experiment. 
If the initial instructions elicit an increase 
in GSR amplitude, as Mowrer’s findings 


(1938) suggest, then overriding the initial 
instructions with later information should 
lower the GSR_ response. However, 
it is possible that the 6-sec. interval 
acquisition procedures produce different 
behavior, in that Ss develop a heightened 
state of GSR response which is no longer 
dependent upon the initial instructions. 
If this is the case, then the extinction 
instructions would not affect the GSR 
amplitude. In other words, the 6-sec. 
CS-UCS interval may act as a potent 
anxiety-arousing technique. 

The fact that the 6-sec. interstimulus 
group did not evidence strong condi- 
tioning differs from the findings of 
Notterman et al. (1952), Zeaman et al. 
(1954), and Rodnick (1937), but these 
results are in agreement with those of 
White and Schlosberg (1952), as well 
as those of Moeller (1954). In both 
the Notterman and the Zeaman studies 
the CR was a measured change in heart 
rate during a 6-sec. interstimulus interval. 
Notterman et al. (1952) report a decel- 
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eration in rate as the CR, while the data 
of Zeaman et al. (1954) suggest that the 
form of the CR depends upon the point 
at which heart rate is measured. In 
both cases the possibility exists that the 
heart rate CR is an indirect effect of 
the preparatory skeletal responses 
curring during the 6-sec. interval. 


Ooc- 


SUMMARY 


Three groups of 20 Ss were conditioned to 
give a GSR to a 750-cps tone under different 
CS-UCS intervals. The intervals were: (a) 
.5 sec., (b) 6 sec., and (c) a random control 
interval in which CS and UCS were not 
paired. Half of the Ss in each group were 
given instructions prior to extinction that 
the UCS (shock) was not going to be given. 
The results indicated that the instructions 
affected both the .5-sec. group and the 
pseudoconditioning control group. The 6- 
sec. group was not affected by the instruc- 
tions. 
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PARTIAL AND CORRELATED REWARD IN 
ESCAPE LEARNING! 


GORDON H. BOWER? 


Yale University 


Previous studies (Campbell & Krae- 
ling, 1953; Bower, Fowler, & Trapold, 
1959) have demonstrated that mag- 
nitude of reinforcement operates as 
a variable in instrumental escape 
learning. In those experiments rats 
were run in a straight alley in which 
the startbox and runway provided 
a continuous and intense electric 
shock, and the goalbox provided a 
continuous but weaker shock. It 
was found that running speed was 
faster the greater the recuction in 
shock intensity at the goal. More- 
over, these performance effects were 
reversible ; when the amount of shock 
reduction was changed, performance 
shifted to the level appropriate to the 
new amount of shock reduction. 

Such studies have involved condi- 
tions in which S receives the same 
reward on every trial; however, of 
equal interest are those conditions 
in which the reward varies from trial 
to trial. Thus, a large reward (i.e., 
large amount of shock reduction) may 
be given on some trials and a small 
reward on others; or reward may be 
given immediately on some trials 
and delayed on others. Experiment 
I is an investigation of partial rein- 
forcement which may be considered 
as a limiting case of variable magni- 
tude of reward. Of further interest 
are those conditions in which varia- 
tions in the reward are contingent 


1 This experiment was conducted during 
the writer’s tenure on a predoctoral fellow- 
ship, MF-8585, granted by the National 
Institutes of Mental Health, Bethesda, 
Maryland. 

* Now at Stanford University. 


upon variations in some character- 
istic of the response (e.g., its speed). 
In Exp. II, one condition of corre- 
lated reinforcement is investigated. 


EXPERIMENT [| 


In this experiment the reward was 
varied independently of S’s perform- 
ance. Two goal events were used, 
100% or 0% reduction in shock 
intensity. Subjects received random 
sequences of these goal events, with 
the sequences differing in the propor- 
tion of 100% shock reduction trials. 
These conditions are somewhat analo- 
gous to partial reinforcement using, 
say, food and no food as the goal 
events.’ 

The primary interest in this experi- 
ment was to ascertain the relation- 
ship between speed and percentage 
of reinforcement when the goal events 
were given in a random sequence. 
Four groups of Ss were trained with 
sequences corresponding to 100, 75, 
50, or 25% reinforcement. A second 
question of interest was whether 
partial reinforcement in this escape 
situation causes slow adjustment of 
performance when the conditions are 
changed to 0% rewards, which is 
analogous to extinction.’ 


3 Since a trial in the alley required eventual 
removal of S from the goalbox, the 0% shock 
reduction event may be described as a long 
delay of reward (removal from charged goal- 
box) instead of “‘nonreward,”’ and as such 
might maintain performance above operant 
level. This description in terms of variable 
delay in no way changes the logic of ‘the 
experiment. 
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Method 


Subjects—The Ss were 20 male albino 
rats, about 100 days old. They were as- 
signed randomly to four groups of five Ss and 
were maintained with free access to water and 
Purina Lab Checkers. 

Apparatus.—The apparatus is described 
in detail elsewhere (Bower et al., 1959). 
A 4-ft. straight alley with start and goal 
compartments was used. Two L-shaped 
strips of galvanized sheet metal, separated 
by a 1-in. floor gap, formed the two walls 
and halves of the floor. Two independent 
shock systems were connected to the sides 
of the alley; one shock system provided 
shock to the startbox and middle section 
of the alley, the other to the goalbox. The 
S received shock as long as its feet touched 
the two strips of sheet metal forming the 
halves of the floor. The 3 in. width of the 
alley prevented S from escaping shock by 
running along only one side of the ailey. 

Raising the start door operated a micro- 
switch which closed the shock circuits to the 
alley and started a Standard Electric clock. 
The clock stopped when S interrupted a 
photobeam 2 in. inside the goalbox. Run- 
ning times were recorded to the nearest .01 
sec. and were converted to speed scores 
(1/time). 

Design and procedure-——The shock in- 
tensity in the startbox and runway was 
always 250 v. The shock in the goalbox 
was either 250 or 0 v. Twenty acquisition 
trials were given. The four groups differed 
in the proportion (.25, .50, .75, or 1.00) of 
trials on which the goalbox shock was 0 v.; 
within these restrictions, random sequences 
of goal shocks were used. After the initial 
20 trials, two groups (100% and 50%) were 
given 20 additional trials with the 250-v. 
goal shock present on every trial. 

The S was placed in the start box and when 
it oriented toward the goal the start door 
was raised, turning on shock. When S 
entered the goalbox and interrupted the 
photobeam, the goalbox door was lowered 
and S was left in the goalbox for 20 sec. 
The trials were massed; immediately follow- 
ing removal from the goalbox, S was rein- 
serted into the startbox for the next trial. 


Results 


The results in Fig. 1 show group 
mean speeds plotted in running aver- 


ages of four training trials. 
on the later acquisition 


Speed 
trials is 
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Fic. 1. Group mean speeds in sliding 
blocks of four trials. After Trial 20, the 
100% and 50% groups were switched to a 
0°% reward condition. 


clearly related to percentage of rein- 
forcement. Analyses of variance of 
mean speeds on Trials 13-20 demon- 
strate significant differences between 
the groups (F = 12.16, df = 3,16, 
P < .001). Component analysis of 
the group differences reveal that speed 
was a linear function of percentage 
of reinforcement (linear F = 36.05, 
df = 1,16, P < .0O1; residual 
F < 1.00). This linear relationship 
is shown graphically in Fig. 2, where 
a 0% control group from a previous 
experiment is also presented. 
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7S 
PERCENT REINFORCEMENT 
Fic. 2. Mean speed as a function of per- 


centage or reinforcement. Each point is a 
group average speed over Trials 13-20. 
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The results of shifting to 250-v. 
goal shocks on every trial may be 
seen in the right half of Fig. 1. The 
Ss trained under 50% reinforcement 
show considerable resistance to change 
in performance, whereas Ss trained 
under 100% reinforcement show an 
abrupt decrement in speed when 
switched to 0% reward. The speed 
curves for the two conditions cross 
after only four trials at the new 
shock condition. A trend analysis 
over Trials 17-40 shows a reliable 
groups-by-trialsinteraction (F = 7.05, 
df = 5,40, P < .001), which demon- 
strates the difference in rate of shift. 


EXPERIMENT II 


In Exp. II, variations in reward 
were correlated with running speed, 
reward being given when S responded 
slowly. In the present study, the 
cutoff selected was a speed of 40, or 
running time of 2.5 sec. and 100% 
shock reduction was given for speeds 
below 40 and 0% shock reduction 
for speeds above 40. This condition 
is analogous to the DRL schedule 
studied extensively in the Skinner 
box (Ferster & Skinner, 1957). 

Logan (1959) has proposed an 
equilibrium model for conditions of 
correlated reinforcement. The equi- 
librium performance is defined as that 
speed which, on the average, gets 
that percentage of reinforcement which 
will maintain just that average speed. 
The most direct test of this model is 
to compare the performance of the 
correlated reward Ss with that of 
matched control mates. The matched 
control S receives the same sequence 
of rewards as that received by its 
experimental partner; however, these 
rewards are given irrespective of the 
control S’s speed. According to the 
equilibrium model, performance de- 
pends only upon the sequence of 
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rewards and not upon the correlation 
of reward with speed. Because the 
sequence of rewards is equated, the 
equilibrium prediction is that cor- 
related Ss and their matched controls 
will perform similarly. 


Method 


Four pairs of rats were used, with the 
correlated and matched control Ss of the 
pairs designated randomly. The apparatus 
and general procedure was the same as in 
Exp. I. The hair was shaved from Ss’ backs 
to provide better electrical contact. Each 
S received 50 massed trials. For an S 
in the correlated group, the 250-v. goal shock 
was turned off as soon as it broke the photo- 
beam provided its running time exceeded 
2.50 sec.; otherwise, the goal shock was left 
on. In either case, S was removed from the 
goalbox after 20 sec. The matched control 
procedure insured that a correlated S and 
its control partner were equated on the 
entire sequence of goal events. 


Results 


Group mean speeds in blocks of 
five trials are shown in Fig. 3. The 
curves start and rise together for 10 
trials, but thereafter show progressive 
eparation. The separation on Trials 
41-50 was statistically significant 
(F = 55.25, df = 1,6, P < .001). 
The mean speed for correlated Ss 
rises initially above the cutoff speed 
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Fic. 4. Pooled speed distribution for 
the correlated group; plotted by intervals 
of three speed points. 


INTERVALS 


of 40, but then declines to a relatively 
stable average speed just below the 
cutoff. The mean speeds over Trials 
41-50 of the four Ss in the correlated 
group were 37, 36, 36, and 38; their 
respective matched controls had mean 
speeds of 71, 65, 56 and 58. Ap- 
parently, the correlated condition 


reduced between-S variability to a 
large extent. 

The pooled distribution of speeds 
over Trials 26-50 for correlated Ss 


is shown in Fig. 4. A distinct mode 
appears in that speed interval just 
below the cutoff. Over the last 25 
trials about 90% of their runs were 
rewarded. 


DISCUSSION 


The results of Exp. I show that speed 
is a linear function of the percentage 
of reinforcement; that is, the speed 
produced by random variations between 
the two rewards (100% and 0% shock 
reduction) is approximately the average 
of the speeds produced by the two re- 
wards separately. Although this result 
was obtained with escape learning, it 
is consistent with the results of Logan‘ 
for variable magnitude and delay of 
food reinforcement. The result is con- 
trary to the results obtained by Wein- 


* Results reported in a forthcoming book, 
to be titled Incentive. 
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stock (1958) and Goodrich (1959) by 
varying percentage of food reward and 
nonreward. However, a number of pro- 
cedural differences (e.g., number and 
massing of trials, nonrewards vs. long 
delays, the part of the response chain 
being measured, etc.) make serious com- 
parisons difficult. That performance 
changes are slower following training 
with variable reward in this situation 
is consistent with the general findings 
for instrumental appetitive conditioning 

The results of Exp. II clearly dis- 
confirm the equilibrium prediction. Per- 
formance depends not only upon per- 
centage of reinforcement but also upon 
the correlation of reward with speed. 
It should be noted that the performance 
of the uncorrelated, matched control Ss 
is close to the speed expected on the 
basis of previous findings. Over-all, 
the percentage of reinforcement for the 
matched controls was about 80-85%. 
From Fig. 2, this percentage of rein- 
forcement, when given uncorrelated with 
speed, would be expected to produce an 
average speed of about 64. This figure 
compares favorably with the average 
of 63 observed for the matched control 
group. 

The fact that correlated Ss learned 
to run slowly is consistent with the 
micromolar theory proposed by Logan 
(1956; 1959). In this approach, dif- 
ferent speeds are treated as different 
responses, and the probability of a 
particular speed depends upon its reward 
relative to the rewards for competing 
speeds. The reinforcement dimension 
most relevant to the present results 
is the interval of reinforcement, defined 
as the time between the initiation of the 
response and the receipt of reward. 
The incentive for a particular response 
speed is assumed to be a decreasing 
function of its interval of reinforcement. 
For the present contingencies, this 
principle clearly favors speeds below 40 
since they receive the reward immedi- 
ately. Furthermore, although speeds of 
38 and 20, for example, receive the same 
goal events, speeds of 38 have higher 
incentive because they have a shorter 
interval of reinforcement. In other 
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words, speeds of 20 are associated with 
5 sec. of shock in the alley, whereas 
speeds of 38 are associated with only 
2.65 sec. of alley shock. Thus, it is 
expected that S will learn to make 
predominately those response chains 


which minimize shock time, and the 
predicted mode of the speed distribution 
in Fig. 4 is at that speed interval just 
below the cutoff. Because the con- 
trolling contingencies ‘‘drive’” each S 
into this optimal response region, the 
between-S differences are negligible. 


SUMMARY 


Rats were trained to run down a straight 
alley to escape a 250-v. shock, the shock 
in the goalbox being either 0 or 250 v. In 
Exp. I the percentage of reinforcement was 
either 25, 50, 75, or 100, and it was found 
that speed was a linearly increasing function 
of this variable. When the 50% and 100% 
groups were switched to 0% reward, the 100% 
group extinguished faster than the 50% 
group. 

In Exp. II reward was correlated with slow 
speeds, the goal shock being 0 v. for speeds 
below 40 and 250 v. otherwise. Matched 
control Ss received the same sequence of 
goal events as that received by correlated Ss, 
but reward was uncorrelated with the control 
S’s speed. It was found that Ss in the cor- 
related group learned to run at speeds just 
below the cutoff, receiving about 90% reward, 
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whereas the matched controls ran signifi- 
cantly faster. This latter result was related 
to a micromolar theory which considers 
interval of reinforcement as one component 
of incentive motivation. 
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THE EFFECT OF STIMULUS SIMILARITY ON 


AMOUNT OF CUE-POSITION 


PATTERNING 


IN DISCRIMINATION PROBLEMS 


BARBARA NOTKIN WHITE?! anp CHARLES C. SPIKER 


Iowa Child Welfare Research Station 


In the psychological literature, much 
attention has been paid to the problem 
of defining the effective stimuli in 
discrimination problems. Some of 
the discussion has been concerned 
with whether the response is condi- 
tioned to each of the individual com- 
ponents of a compound confronting 
S, or is conditioned to the compound 
per se. The early theory of dis- 
crimination behavior proposed by 
Spence (1936) and the later analysis 
of discrimination learning by Hull 
(1952) assumed that the response 
is conditioned to each component 
of a compound. Although Spence’s 


(1952) theory has proved to be highly 


fruitful in explaining a number of 
phenomena discovered in the study 
of simultaneous discrimination learn- 
ing, subsequent extensive study of 
the so-called successive discrimina- 
tion problem led him to publish a 
theoretical analysis of this type of 
problem. He noted that his earlier 
theory was not applicable to the 
successive problem, since no com- 
ponent in the cue-position compounds 
of the successive problem is con- 
sistently reinforced more frequently 
than any other. He proposed the 
notion of cue-position patterning to 
account for the learning that occurs 
in the successive problem. In effect, 
he suggested that the response is 
conditioned to the compound con- 
sisting of a cue (e.g., black or white) 
and a position (e.g., left or right). 
Thus, S learns to discriminate be- 


1 Now at Michael Reese Hospital, Chicago. 
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tween positive and negative com- 
pounds rather than between positive 
and negative components. Further- 
more, Spence suggested that cue- 
position patterning occurs only when 
there is nondifferential reinforcement 
of the components (i.e., no one of the 
cue members of the compound is 
systematically reinforced more than 
the others). 


The notion that response to patterns does 
occur under conditions where a component 
is differentially reinforced was directly in- 
vestigated by Birch and Vandenberg (1952). 
They analyzed the cue-position compound 
(e.g., a black left alley) into three aspects— 
the spatial cue (S,), the nonspatial cue (Sp), 
and a patterned stimulus (the compound) 
(Spi). They noted that, in the simultaneous 
problem, both the nonspatial cues and the 
patterned cues are differentially reinforced; 
in the successive problem, on the other hand, 
only the patterned cues are differentially 
reinforced. Thus, only the patterned stimuli 
can serve as the basis of solution of the 
successive problem, whereas both types of 
cues might be used in the simultaneous prob- 
lem. Accordingly, it is meaningful to ask, 
in connection with the simultaneous problem, 
to what degree the discrimination is deter- 
mined by each of the two types of cues. 

Birch and Vandenberg devised a con- 
venient way of determining to what degree 
cue-position patterning develops in a simul- 
taneous problem. Table 1 presents a sche- 
matic representation of a procedure suggested 
by them. In Problem 1, two simultaneous 
discrimination problems are used; however, 
only one spatial arrangement of each is pre- 
sented, with the positive stimulus of the sec- 
ond setting in the position opposite from that 
of the positive stimulus in the first setting. 
In Problem 2, the test problem, the spatial 
arrangements of the two settings are re- 
versed. In Problem 1, it will be noted 
that the left and right positions are equally 
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TABLE 1 


REPRESENTATION OF PROCEDURE FOR 
ISOLATING DEGREE OF CONDI- 
TIONING TO STIMULUS 
COMPONENTS AND 
TO PATTERN 





Problem 1 
(Training) 


Setting 1 
Setting 2 


SuSa 
SiSc 


SiSB 
S.iSp 





Problem 2 
(Testing) 


Setting 1 
Setting 2 SrSc ( ) 





Note.—S. and Sr refer to the left and right spatial 
positions; Sa and Sp refer to one pair of nonspatial 
cues (e.g., black and white) ; Sc and Sp refer to a second 
pair of nonspatial cues (e.g., red and green); (+) and 
(—) designate the reinforced and nonreinforced com- 
plexes of Problem 1; and ( ) refers to complexes 
which were neither reinforced nor nonreinforced (see 
text). 


often reinforced and nonreinforced, whereas 
Sa and Sp are consistently reinforced and Sp 
and Se are consistently nonreinforced. 

If, in Problem 1, the response is differen- 
tially conditioned only to the nonspatial 
cue components, it should occur without 
disruption to the nonspatial cues of Problem 
2. Thus, in the schema of Table 1, 100% 
response to Sa and Sp should be expected 
following mastery of Problem 1. It may be 
noted that the patterned stimuli of Problem 
1 (Sua, Sas, Sic, and Srp) do not occur in 
Problem 2. Therefore, if the tendency for S 
to respond in Problem 1 has been determined 
entirely by differential conditioning to the 
patterned stimuli, he should respond equally 
often (i.e., by “chance’’) to the four stimulus 
compounds of Problem 2. Finally, if the 
response was differentially conditioned both 
to the nonspatial components and to the 
patterned stimuli of Problem 1, there should 
be a reduction in the tendency to choose Sa 
and Sp in Problem 2 due to the change in the 
patterned stimuli; but the choice of these 
stimuli should exceed 50% owing to the 
influence of the habits differentially estab- 
lished to the nonspatial cues. From these 
considerations, it is apparent that the amount 
of cue-position patterning that occurs in 
Problem 1 may be measured in Problem 2. 


The results of the experiment by 
Birch and Vandenberg (1952) demon- 
strate rather convincingly that with 


rats cue-position patterning occurs 
in the simultaneous situation, despite 
the fact that the components of the 
cue-position compounds receive dif- 
ferential reinforcement. 


One of the implications of the Birch 
and Vandenberg analysis is that the 
relative influence of the patterned 
stimuli in such a problem is deter- 
mined by the relative ease with which 
differentiation can be achieved by 
means of the nonspatial components. 
Thus, in the simultaneous problem, 
involving highly distinctive nonspa- 
tial components within each setting, 
the role of the patterned stimuli 
should be negligible. At the other 
extreme is the successive problem 
in which the nonspatial components 
within each setting are identical. 
In the latter case, discrimination 
theoretically must be based entirely 
on differential habits established to 
the patterned stimuli. This  sug- 
gests that the amount of cue-position 
patterning should be an increasing 
function of the degree of similarity 
between the nonspatial cues within 
each setting. 

The purpose of the present experi- 
ment is to determine whether or not 
preschool children manifest cue-posi- 
tion patterning in a problem similar 
to that of Birch and Vandenberg, 
and to test the additional hypothesis 
that the amount of cue-position 
patterning is an increasing function 
of the similarity of the nonspatial 
cues within a given trial setting (i.e., 
the within-setting similarity). While 
the latter hypothesis is, in effect, a 
modification of Spence’s theory, its 
confirmation within this procedure 
can at best be only suggestive, since 
the theory is explicitly restricted to 
inarticulate organisms. 


METHOD 


Experimental design.—In order to test 
these hypotheses, three groups of Ss were 
run, each with a different degree of similarity 
between the two nonspatial cues presented 
on each trial (Table 2). For Group I, the 
stimuli were dissimilar; for Group II, similar; 
and for Group III, identical. The test situa- 





DISCRIMINATION PROBLEMS 


tions were the same as the corresponding 
training situations for each group, except 
that the spatial position of each cue stimulus 
was reversed. For each group, differential 
responding to the components was reflected 
in .S’s tendency to select, on each test trial, 
the previously reinforced nonspatial cue. 
Conversely, response to patterns was indi- 
cated by S’s tendency to select, within each 
setting, the stimulus in the position previ- 
ously occupied by the positive stimulus of the 
training problem. 

On the assumption that all discrimination 
problems involve some patterning, and that 
the relative effectiveness of the patterned 
stimuli is an increasing function of within- 
setting stimulus similarity, it was expected 
that the choice of the stimulus in the pre- 
viously reinforced position would be very 
low for the group trained on dissimilar stimuli 
(Group 1), very high for the group in which 
the stimuli were identical (Group III), and 
somewhere in between for the group with 
quite similar stimuli (Group I1). 

A pparatus.—The stimuli were eight 3 x 3- 
in. pieces of colored paper backed by heavy 
white plastic. On every trial, the two 
stimuli to be used were fitted into the front 
faces of two 34-in. cubical wooden boxes 
mounted 6 in. apart on a 17-in. tray. These 
were presented to the child on top of a stand 
12 in. high. The boxes were separately 
hinged to the tray on the side away from the 
stimulus slot so that they could be lifted by 
S to obtain (on reinforced trials) a marble 
located on a groove in the tray. Each marble 
so won was placed in a small plastic container. 
The entire apparatus, with the exception of 
the marble container, was painted flat black. 
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from 4 to 54 yr. The data of an additional 
14 Ss were discarded; one because of incor- 
rect instructions, the other 13 because of 
failure to learn the problem in a reasonable 
number of trials. Of these, five were from 
Group I, four from Group II, and five from 
Group III. The Ss were assigned by a 
random procedure to each of the three treat- 
ment groups; each treatment group finally 
containing 14 Ss. 

Procedure.—The design of the experiment 
is presented in Table 2. It can be seen that 
the only essential difference among the 
training problems of the three groups lay 
in the degree of similarity of the stimuli 
presented on a trial. In the case of the 
stimuli for Group II, the discriminability 
between the red and orange-red and between 
the white and light gray were subjectively 
judged by several independent observers to 
be about equivalent. It should also be 
noticed that the correct stimuli and the sides 
on which they were placed were the same for 
all groups. 

All Ss within any group were trained to a 
criterion of four consecutive correct responses 
on the type of trial involving red as the rein- 
forced stimulus, and then received training 
to the same criterion on the second type of 
trial. Once both criteria were met, further 
training continued as follows: the different 
types of trials were alternated according to 
a predetermined random order which was 
repeated three times in 36 trials. When 
necessary, one or two blocks of six trials were 
interspersed to break up position or alternat- 
ing habits that appeared to be forming. 
When S reached a subcriterion of 5/6 correct 
responses in a block of six trials, he was 


Subjects.—The Ss were 42 children from 
the Iowa Child Welfare Research Station 
preschool laboratories, their ranging 


presented with the criterion block of six 
trials, the order of which differed from the 


ages order used in training. If he did not meet 


TABLE 2 


SCHEMATIC REPRESENTATION OF THE EXPERIMENT 








Test (Problem 2) 


Setting | 


Group 


Train (Problem 1) 


StSred ( + ) SrSyetlow ( -_ ) S1Syetiow ( ) 
| StSpinck (—) SrSwnite (+) | StSehite  ( 


S ( + ) SaSorsase ( re ) 
S Seray (—) SrSwhite (+) 
(—) | 
(+) 


StSorange — ( RS 
SiSwhite { SRSgray ( ) 


StS red (+) SprSrea 
StS white (— ) SrSwhite 


SrSrea - 
SrSwhite ( ) 


StSrea ) 
StSwhite ( ) 








Note.—St and Sr refer to the left and right spatial positions; (+) and (—) designate the reinforced and non- 
reinforced complexes of the training problem; and ( ) refers to complexes which were neither reinforced nor 
nonreinforced. The stimuli appeared in the spatial positions indicated above. 
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this criterion of all six correct, training was 
continued, and a second opportunity on the 
criterion block allowed. The final perform- 
ance criterion was the same for all groups. 

For each of the three groups, the test 
situation consisted of 10 presentations of the 
same stimuli used during training, with one 
difference—the side on which a given stimulus 
was placed was changed (see Table 2). The 
order of presentation of the different types 
of trials was the same as that used for the 
latter part of training. However, one-half 
of the Ss in each group started the series 
with one type of trial (Subgroup A), the 
second half with the other type (Subgroup 
B); then each followed through the same 
predetermined random sequence of changes 
from one type of trial to the next. 

Before entering the experimental room, 
each © -vas allowed to choose one of a selec- 
tion ©{ dime store toys to serve as a prize. 
He was told that he would be permitted to 
play a game in which he could win enough 
marbles to buy the toy. On each trial, if S 
selected correctly, he found a marble under 
the box. The noncorrection procedure was 
used throughout. 

During the test trials, no reinforcement 
was given, so that the tendencies to respond 
remained relatively unchanged after the 
training series. In an attempt to avoid the 
extinctive effects of nonreinforcement, the 
following method was used: E informed S 
that she would remove the marble for him, 
that she would keep track of the number of 
marbles he won, and that when the game was 
over, she would show him how many marbles 
he had won. During this phase, S was asked 
only to point to the box which he wished to 
select, and E did not inform him whether or 
not his choice was correct. 


RESULTS 


Examination of the training data 


(Table 3) reveals little difference 
among the three groups in the mean 
number of trials to criterion. A 
simple analysis of variance comparing 
the groups gave a_ nonsignificant 
F (F <1.0). Greater difficulty of 
the successive problem would not 
necessarily be expected in_ this 
paradigm as the successive problem 
involved only two nonspatial cues 
while the other two problems each 
involved four. 
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TABLE 3 


TRIALS TO CRITERION IN TRAINING PROBLEM 
AND RESPONSES TO PREVIOUSLY 
REINFORCED POSITION 








Patterned 


Trials to Criterion Responses 


Group 





Mean 





26.71 
26.29 
24.57 











Considering the test trials, the 
responses to the previously reinforced 
position were tabulated for each 
treatment group, keeping separate 
the data of the A and B subgroups 
(which counterbalanced for the type 
of test trial first received). Since 
t tests showed no differences between 
the A and B subgroups within any 
treatment, these were collapsed in the 
final analysis of the data. Table 
3 gives the means and SDs for each 
treatment group over all 10 test trials. 
As was expected, the mean number 
of responses to the previously rein- 
forced side increased as the similarity 
of the within-pair stimuli increased 
(i.e., from Group I to Group III). 
A test suggested by Cochran and 
Cox (Snedecor, 1948) was used to 
analyze the results, since the within- 
groups variance, owing to the almost 
complete uniformity in the perform- 
ance of Ss in Group III, differed 
among treatment groups. An analy- 
sis over all 10 test trials indicated 
that Groups I and II differed at the 
01 level, and that the difference 
between Groups II and III was also 
significant (.05 > P > .02).? 

In Groups I, II, and III, the num- 
bers of Ss responding to position on 
the first test trial were 3, 9, and 14 

2A Mann-Whitney U test was also per- 


formed on the data, yielding essentially 
the same results. 





DISCRIMINATION PROBLEMS 


respectively. A chi square test com- 
paring these scores gave a value of 
18.38, significant at the .001 level 
for 2 df. 

The analyses of all test trials and 
of the first test trial, considered 
together, seem to indicate that the 
effects of training appeared early 
in the test series and remained 
relatively constant throughout all 
10 test trials. 


DisCUSSION 


The results of the present study support 
the contention that the effectiveness of 
the patterned stimuli in any trial setting 
(i.e., the degree of patterning) increases 
as the similarity of the stimuli for that 
setting increases. In Groups I and II, 


if the pattern were not an effective cue, 
Ss would have continued to respond 
consistently to the previously reinforced 
nonspatial stimulus when these stimuli 
were shifted in the test problem. In 
the case of Group III, unless response to 


patterns had occurred, Problem 1 would 
have been insoluble; since the test 
problem was the same as the training 
problem, patterning was again revealed 
by selection of the originally reinforced 
pattern. Hence, in each group, response 
to patterns was manifested in each of the 
two stimulus settings of the test problem 
by selection of the stimulus presented 
in the same position as that of the 
previously reinforced stimulus. This 
manifestation was greatest in Group III, 
and least in Group I. 

The data for Group III may be used 
to determine whether or not the intro- 
duction of the novel suspension of rein- 
forcement in the test situation resulted 
in a general disruption of performance. 
Since Problem 1 was the same as Prob- 
lem 2 for this group, any marked change 
in performance between the two prob- 
lems could be interpreted as the result 
of changes in the conditions under 
which Ss performed. The performance 
of Group III, however, showed very 
little change from Problem 1 to Problem 
2. This fact, together with the fact 
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that the analysis of the first test trial 
leads to the same conclusion as does the 
analysis of all 10 test trials, indicates 
that the introduction of the test did not 
disrupt performance. 

The possibility remains, and must be 
dealt with, that some of the results 
reported in support of the hypothesis 
are artifacts of the experimental design 
and the analyses used. 

Firstly, it is possible that the increas- 
ing amounts of cue-position patterning 
with increasing within-setting stimulus 
similarity reflected not individual be- 
havior, but rather group tendencies, 
and were the results of averaging over 
Ss, some of whom showed response 
to nonspatial cues only, some of whom 
responded to patterns only. If this 
were so, then increase in patterning with 
increase in similarity would be due to 
an increase in the proportion of Ss who 
showed all (as opposed to no) patterning. 
That such a factor does not entirely 
account for the results is suggested by 
the following tabulations: in Group I, 
only two Ss gave as many as 6 responses 
to patterns, while nine gave 0 or 1. 
In Group III, only two Ss showed less 
than 10 such responses, and neither of 
these two showed less than 5; in the 
case of Group II, three Ss showed be- 
tween 0 and 2 responses to patterns, 
five gave between 3 and 7, and six Ss 
gave between 8 and i0. 

Another possibility directly concerns 
Group II where an intermediate number 
of responses to patterns was obtained. 
To rule out the possibility of this having 
been obtained by the majority of Ss 
responding consistently to one position 
on all 10 trials, two analyses were made. 
The number of Ss giving between 8 and 
10 responses to one side was three, while 
the majority (11) showed between 5 and 
7 responses to any one side (hence, 
between 5 and 3 to the other). This 
corresponds with Groups I and III 
where the numbers of Ss (out of 14 in 
each case) responding 8 or more times 
to one position were 4 and 1 re- 
spectively. Also, if Ss responded con- 
sistently to one position in all 10 test 
trials, they would of necessity show 
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“response to patterns’ consistently to 
one of the two settings and no patterning- 
type responses to the other setting. 
Hence, another way of tackling the same 
problem is to correlate the numbers of 
patterned responses in Setting 1 with 
those in Setting 2. For the 14 Ss in 
Group II, the Pearson r was .672 
(P < .01), indicating that those Ss who 
patterned low or high in one setting 
tended to respond similarly in the second 
setting. (The same analysis over all 
42 Ss yielded a correlation of .635 
(P < .001), but this is probably inflated 
by the preponderance of 5’s for both 
settings in Group III). 

Thus it would seem that the results 
obtained are indicative of increasing 
‘responses to cue-position patterns with 
increasing stimulus similarity, and are 
not simply an artifact of averaging 
or of Ss adopting a position preference 
on the test trials. 

Some of the work done by Bitterman 
and his associates is relevant to the 
thesis presented here. Teas and Bitter- 


man (1952) reported data which cor- 
respond exactly to the predictions gen- 


erated by the hypothesis of this paper. 
In addition, a statement by Bitterman 
and Wodinsky (1953, p. 375), although 
phrased in different terminology and 
couched in a different theoretical frame- 
work, appears to be, at least in part, a 
statement of the hypothesis proposed 
here. 


SUMMARY 


This experiment studied the effects of 
increasing the similarity of the within-pair 
stimuli in a discrimination problem on the 
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amount of patterned responding in a non- 
reinforced test series. Three groups of pre- 
school children were trained to respond to a 
red stimulus on the left side on one type of 
trial and to a white stimulus on the right 
side on a second type of trial in a discrimina- 
tion situation involving the choice of one or 
the other of two boxes fronted by colored 
cue stimuli. For one group, the nonrein- 
forced cue stimuli were quite dissimilar to 
the rewarded stimuli with which they were 
paired. For another, the dissimilarity be- 
tween each pair was less, and for the last, the 
two stimuli presented on a trial were identical. 
It was found that in the subsequent test 
series, which involved the training stimuli 
in reversed spatial position, the number of 
responses to the side previously correct for a 
given stimulus setting (i.e., patterned re- 
sponding) increased significantly as the 
similarity increased. 
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FEATURING 
e@ Counting rates up to 30 per second. 
@ Accumulation to 9,999 with manual reset. 
e A handsome, durable case with detachable dust cover. 
@ Operation on 110 Volt, 60 Cycle alternating current. 
@ Contact current less than 0.001 ampere at 6 Volts. 
@ Visual indication of counts by flashing light. 
@ No batteries to replace 
@ Price $85.00 


This unit is ideally suited for the psychological laboratory as it will count any 
events that can be made to open and close an electrical circuit. The low current 
feature eliminates arcing of contacts. This increases the reliability and adapta- 
bility of the counter and also decreases distractions during psychological tests. 


Catalogue #60, listing additional Psychological Laboratory Equipment is avail- 
able upon request. 


MARIETTA APPARATUS CO. 


Marietta, Ohio 
U. S.A. 
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